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I, The Indian Chemical Society (1924-1932). 
II. The Science of Optics in the Service of Chemistry*. 
By Bawa Kartar Sinan, M.A., 8c.D., F.I.C. 


In my last presidential address at Bangalore, I pointed out that 
the custom had grown which required the President to give his 
address on some purely scientific subject. At this anniversary 
meeting, I propose to make a slight departure from this practice, and 
to give some account of the Society as ‘‘a body politic and 
corporate.’’ 

I shall, therefore, divide my address into two parts. The first of 
these will deal with the life of the Society during the nine years of 
its existence. This will enable our Fellows to take stock of the 
progress which has been achieved since the foundation of the Society 
in 1924. The second part of my address will describe the services 
which the Science of Optics has rendered to chemistry and will 
contain brief comments on studies on the rotatory dispersion of 
organic compounds carried out at Ravenshaw College, Cuttack. 


I. Te InpraAN CoemroaL Society (1924-1932), 


The Indian Chemical Society came into existence in 1924 as the 
result of several meetings and deliberations of chemists held at 
Madras (1922), Lucknow (1923) and Bangalore (1924), during the 
Science Congress Weeks. This gave it, from the very commence- 
ment, an All-India character, which was further guaranteed by 
requiring its anniversary meeting to be held in conjunction with the 
annual gathering of the Indian Science Congress. The latter is a 
peripatetic body and holds its meeting at different centres of 
learning. In this way it was hoped to establish personal contact 
between the Society and its Fellows, scattered all over India. 

The Indian Chemical Society was registered as a corporate body 
on the 9th May, 1924. The first meeting of the Council was held on 


* Presidential address delivered at the Ninth Annual General Meeting of the 
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the 30th September, 1924, and the first ordinary meeting on the 
24th November, 1924. Thus the Society now enters the tenth year 
of its existence. During this period it has made steady progress in 
the number of its Fellows and subscribers, in the number of exchange 
journals, in the size of its own journal and in its general financial 
condition. The progress achieved under these different heads can be 
judged from the figures given in Tables I and IT. 


TABLE I. 


Table showing the progress of the Society during 1924-1932. 


™ No. of No. of No. of No. of 
Your. allows. Subscribers, Bzehange Pages Papere Papers, 
1924 101 15 10 224 33 23 
1925 248 64 38 449 48 44 
1926 330 78 48 430 71 48 
1927 340 81 54 572 75 78 
1928 348 87 84 778 109 88 
1929 393 98 93 1014 143 106 
1930 377 102 103 950 115 113 
1931 387 105 110 794 110 100 
1932 360 100 116 700 114 98 


The number of Fellows, which was 101 in 1924, increased in 1929 
to the record figure of 393, but it fell to 360 in 1932. The number of 
subscribers to the journal shows a steady increase which reflects the 
popularity of the journal. The Society has instituted a Free list by 
which the journal is sent free of cost to 108 institutions. It was 
decided last year to raise this number to 158. The number of 
exchange journals now reaches the high figure of 116. In these ways 
it is sufficiently ensured that the original papers published in our 
journal get wide circulation. The size of the journal has also 
increased. In 1924, the number of pages printed was 224; it 
increased to 1014 in 1929. But owing to financial difficulties, it has 
not been possible to maintain the same size. On the other hand, the 
Society has been forced to keep it within the sanctioned limit of 750 
pages, which are printed free of cost by the University of Calcutta. 
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The development of the journal is thus being retarded with obvious 
detriment to the progress of chemistry in this country. It is, 
however, hoped that the Society will be able to devise means to 
overcome these obstacles to its progress. 

During the first four years of its existence (1924-27), the journal 
was quarterly. It was made bi-monthly during 1928-29. Since 1930, 
it has become a monthly publication. The change has had one 
beneficial result; it takes much less time now for a paper to appear 
than formerly. 

The financial position of the Society during the period under 
review is shown in a tabular form, under summary of accounts 


(Table I1). 


TaBLeE II, 
Summary of Accounts for 1924-1932. 


Subscriptions Adver- 
Total Re- from Sale tisement Dona- Expen- 
Year. ceipts. Fell- Subs- proceeds. proceeds. tions. diture. Balance. Reserve 
ows. cribers. Fund.* 


Ks. Rs. Rs. Rs. Rs. Rs. Rs. Rs. Rs. 
1924 3,120 2,685 nil 78 50 300 §=61,802 = 11,818 __—inil 
1925 8,075 3,005 1,084 378 512 3,048 = (2,607 = «5,468 §=— 4,500 
1926 6,136 4,260 1,273 151 451 3,200 4,687 1,449 9,896 
1927 7,927 4,607 979 98 509 =6.1,600 5,918 2,014 9,896 
1928 9,726 4,512 1,433 329 621 2,650 7,252 2,474 13,870 
1929 10,989 5,714 1,491 419 654 2,400 8,415 2,574 15,909 
1930 9,037 4,742 1,450 271 746 1,400 9,544 2,430 16,409 
1931 10,584 5,352 1,500 489 1,072 1,500 9,515 2,495 19,814 
1932 10,982 4,953 1,428 290 1,063 1,375 8,725 2,207 21,243 


Although the expenditure of the Society has increased from 
Rs. 1802 in 1924 to Rs. 8415 in 1929, there has been a corres- 
ponding rise in the income of the Society during the same 
period. In spite of the fact that the year 1930 showed an open- 
ing balance of Rs. 2,574, the financial position of the Society 


* The Special Reserve Fund of Rs. 10,000 for a Building of the Indian Chemical 


Society is not included in this column. 
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suffered a set back this year owing to the large arrears in 
subscriptions from Fellows, smaller number of new admissions, 
and a fall in the amount received from donations. This must 
be attributed to the general economic depression in world trade. 
Scientific societies in other countries have also been similarly 
hard hit. Another reason for an adverse balance in the income 
and expenditure of the Society in 1930 was that owing to the 
increase in the size of the journal in 1929, a large sum had 
to be paid to the University of Calcutta for printing 264 pages 
in excess of the sanctioned limit. Consequently the size of the 
journal has been reduced since 1931. Another unfortunate 
effect of this adverse state of affairs has been the discontinuance 
of the research grant since 1930. Asaresult of these drastic 
steps, the position of the Society has been again rendered sol- 
vent. The reserve fund shows a balance of Rs. 21,243, there 
being also a special fund of Rs. 10,000 for a building for the 
Chemical Society. 


Building for the Indian Chemical Society. 


Since its inception, the Indian Chemical Society has been housed 
in the Science College, University of Calcutta, usually in the 
private room of the Honorary Secretary, who has always happened 
to be a Professor of this institution. With each change in the 
Secretary, the Society has had to shift itself from room to 
room. At present the office is located in ome corner of the 
library of the Chemical Department, and is allotted a space 
measuring only about 12’x 10’. The office is overcongested. The 
valuable exchange journals are stored away, and cannot, there- 
fore, be consulted by our Fellows. This arrangement, which is 
very unsatisfactory, is only of a temporary nature and may be 
terminated at any time, should the needs of the Science College 
demand such a step. The Council of the Society has always 
kept itself busy in finding out a solution of this urgent problem. 
Our First President, Sir P.C. Ray, made a generous gift of 
Rs. 10,350 towards the Building Fund in 1932, and several 
attempts were made by the Council to secure a home for the 
Society. The Government of Bengal were moved to grant a 
lump sum towards the cost of the building, the plan and esti- 
mate of cost, asked for by Government, being duly submitted by 
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us. But owing to their financial difficulties, the Government 
of Bengal did not find themselves in a@ position to help us. 

The Corporation of Calcutta was also approached with a view to 
obtain a suitable plot in the proximity of the Science College or 
the Presidency College, but we were informed that no such site 
was available. In connection with these attempts of the Council 
to secure a home for the Society, I should specially mention 
Dr. J. N. Mukherjee for his tireless efforts on our behalf. The 
Council of the Society made another attempt in September, 
1932, towards securing a home for itself in negotiations which 
are still pending with the University of Calcutta. If this scheme 
fructifies, the University will complete the third storey of the 
extension of the southern wing of the Science College at an 
approximate cost of Rs. 10,000 and the Society will pay this 
sum from its Building Fund to the University on condition that 
in case the rooms were required by the University for its own 
purposes, this sum will be returned to the Indian Chemical 
Society. I would recommend the scheme for your warm appro- 
val, for in that case the Society will get three large rooms 
with a floor area of 1740 square feet, which will be sufficient for 
its needs for some time to come. One great advantage of the 
scheme is that the overhead charges for maintenance and service of 
these rooms would be very small. 


The Council of the Indian Chemical Society. 


Last year the number of ordinary members of the Council 
was raised to 20. The method of election to the Council and 
distribution of these seats among the different territorial centres of 
active chemical research was entrusted to a sub-committee, the 
report of which will be considered at this annual meeting. 


Branches of the Indian Chemical Society. 


On account of the great distance of active centres of chemical 
research from Calcutta, the headquarters of the Society, it 
is not usually possible for Fellows from these centres to attend 
more than one meeting annually, namely, the anniversary mect- 
ing, which is held in the first week of January, in conjunction 
with the gathering of the Indian Science Congress. For this reason 
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any centre of learning with forty Fellows on the rolls of the Society 
is entitled to the privilege of forming a branch Society, The parent 
Society remits LU per cent of the subscriptions to the branch Society 
for its expenses. ‘The branch Society in return submits its annual 
report together with a statement of accounts to the Indian Chemical 
Society. We have now three such branches at Lahore (7th 
December, 1925), Bombay (29th April, 1926) and Madras (27th 
March, 1929). The Lahore branch has been most successful in raising 
funds for several post-graduate research scholarships. Another inter- 
esting feature of this branch is its annual dinner—a very important 
social function—thus setting a great example in social life to the 
parent Society. The credit for this, among others, goes to my 
esteemed colleague, friend and old pupil, Dr, 8. 8. Bhatnagar. 


Sir. P. C. Réy Jubilee Celebration. 


The great Indian Savant and benefactor of the Society, Sir P. C. 
Ray attained his 70th birthday last year. The Council of the 
Society decided to celebrate this auspicious occasion by publishing a 
commemoration volume, containing original papers, or resumés of 
original work. This volume, together with an address from the 
Council, will be presented to Sir P. C. Ray on your behalf, as a 
token of the high esteem and love in which he is held by all 
of us. 


Honorary Fellows, 


The first honorary fellowship of the Society was conferred in 1929 
on Prof. A. Sommerfeld of Munich, at the time of his visit to 
Calcutta in 1928-29. This year the same honour is to be conferred 
on Sir C. V. Raman, whose nomination has been unanimously re- 
commended by the Council. I need hardly refer to the unique 
scientific attainments of Sir C. V. Raman which are so well known 
to all of you, and the outstanding distinction conferred on him by 
the award of the Nobel Prize for Physics for 1£30, for his researches 
on light-scattering, which led to the discovery of the ‘‘ Raman 
Effect,’’ must be still fresh in your mind, 


Our Requirements. 


The most urgent need of the Society is money for removing our 
two long-felt wants. One of them relates to the permanent housing 
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of the Society, to which reference has already been made. The 
second is the provision of a whole time paid Editor of the Journal. 
He should possess at least the qualifications of a University Reader 
with sufficient emoluments to attract the best man. As time goes 
on, and the journal increases in size, the services of such an Editor 
will become almost indispensable to its efficient editing and manage- 
ment. I would, therefore, appeal, through you, to people of wealth 
to come forward with liberal contributions and endowments for these 
purposes. 


Il. THe Science or Optics IN THE SERVICE or CHEMISTRY. 


I now pass on to the second part of my address. The Science 
of Optics has had a very intimate connection with Chemistry and 
its applications have rendered signal service to the growth of 
chemical theory. Refraction, absorption, and optical activity, both 
natural and magnetic, have been studied by the chemist for 
over a century. 


Raman Effect and Infra-red Absorption. 


Recently the study of light-scattering has proved of fundamental 
importance to the science of chemistry. This phenomenon was 
first observed in 1923 by Dr. Ramanathan*, working under Sir C. 
V. Raman ! at Calcutta. When an optical medium (such as a gas, 
liquid, crystal or glassy solid) is illuminated with monochromatic 
light, much of the most intense part of the spectrum of the inter- 
nally scattered light emerging from within the "volume of the 


* As early as 1923, Ramanathan while wroking on the scattering of light in 
liquids, noticed that there is a feeble radiation emitted by even the most carefully 
purified liquids, the wave-length of which is not the same as that of the incident 
light. This was at first mistaken for fluorescence, but it was difficult to under- 
stand why almost all liquids should persist in showing it, even after repeated 
purification which should remove all the fluorescent impurities. Ramanathan, 
therefore, described it as ‘a special kind of feeble fluorescence’. It is now known 
that this peculiar radiation is only an aggregate effect of the wellknown line spectruin 
discovered by Sir C. V. Raman in 1928. The chief drawback in the earlier work 
(1923) was that a spectroscope was not made use of, and the visual observations 
could not reveal the existence of any discrete wave-lengths. In addition to these 
observations of Ramanathan, and prior to the discovery of the Raman Effect in 
1928, there are numerous references to this phenomenon in several pepers by Raman 
and his co-workers. 
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substance is a line in the same position as for the incident light. 
Along with this we have radiations of altered frequency consisting 
partly of new lines or bands displaced from the parent line 
and also, in the case of fluids, of a continuous spectrum 
which envelops both the parent line and the new or displaced 
lines appearing in the spectrum. The Raman Spectrum thus 
obtained is characteristic of the substance used, and moves bodily up 
or down the scale of frequency, when the frequency of the incident 
radiation is varied. It may be represented by a reversible energy- 
reaction between matter and radiation according to the scheme. 


Molecule + hy = Molecule + hy 
(normal) energy of (excited) energy of 
incident altered 
radiation radiation 


The scattering process involves, in general, an exchange of energy 
between the light quantum or photon and the molecules. If the 
photon loses part of its energy to the molecule, it would be scattered 
with a diminished frequency ; on the other hand if the photon 
gains energy from the molecule, it is scattered with an increase 


of frequency. 

The essential features of the Raman Effect are (a) its universal- 
ity—it is observed in gases, liquids, crystals or glassy solids ; (b) its 
spectral character; (c) its representation as interaction between 
matter and radiation. The frequency difference between the incident 


radiation and the Raman Line is independent of the wave-length of 
the exciting radiation, and coincides in magnitude with the infra-red 
absorption frequency of the molecule. In this way, Raman Effect 


is correlated with the infra-red absorption spectra of chemical subs- 
tances, and its utility as an aid to the exploration of molecular 
spectra, especially in the infra-red, is obvious. It is therefore, of 
great value in elucidating the shape, size and structure of molecules. 
The method of light scattering is, however, much more convenient 
and accurate to work with than the study of infra-red absorption 
with its experimental technique which is particularly difficult. The 
remote regions of the infra-red spectrum which are very difficult 
of access are made easily accessible by the Raman method. Certain 
inactive frequencies, not occurring in the infra-red absorption, appear 
very strongly in the Raman Spectrum. On the other hand, the funda- 
mental modes of vibration of the molecule, which appear strongly 





ae 
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in the infra-red absorption may be extremely weak in scattering. 
There are thus very significant differences in the character of the 
two spectra. A combined study by the two methods is of the greatest 
importance for the illucidation of chemical constitution. The results 
obtained from a study of the Raman Spectrum can distinguish the 
nature of chemical binding, namely co-valent or electrovalent mole- 
cules. Electrovalent molecules give no lines, whereas co-valent 
molecules give strong Raman Lines?. Accordingly compounds which 
give the strongest spectra in light scattering are those of carbon— 
the typical co-valent element.*“ 

As the presence of non-ionised co-valent molecules in solution 
can be detected from a knowledge of the Raman Spectra, its utility 
in the study of electrolytic dissociation is also clear.2’ One of the 
many other interesting results arising out of the application of the 
Raman Spectrum is the detection of the non-homogeneity of 
hydrogen.* The Raman Spectrum of liquid hydrogen indicates that 
this substance is a mixture of two effectively distinct set of molecules, 
which is in agreement with the result already obtained from measure- 
ments of the specific heat of hydrogen gas.** 

Raman Spectra being the most recent discovery in point of time, 
have been treated first, as they promise to provide more accurate 
knowledge of the structure of molecules than any other spectral 
method. A large amount of work is now being carried out in associa- 
tiag the shift of particular linkages, and as a result of this work much 
iight is likely to be thrown on constitutive problems of complex 
organic compounds. 


Emission and Absorption Spectra in the 
Visible and Ultraviolet Regions. 


During the early days of spectroscopic work, the interest of the 
chemist lay chiefly in the assignment of many new spectra to 
elements and the compounds responsible for them. This was due to 
the pioneer investigations of Bunsen and Kirchoff, and led to im- 
portant chemical discoveries, and in particular to the recognition of 
new elements. With improvements in experimental technique, such 
as the introduction of high dispersion spectroscopes, interferometers, 
ete., wave-length measurements were carried out more accurately, 
and by the year 1913, about 100,000 lines had thus been registered. 
Spectroscopic analysis is proving an invaluable aid to chemical ana- 
lysis. On the qualitative side, its utility lies in its rapidity and 


2 
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certainty. Its remarkable sensitivity is well illustrated by A. de 
Gramont’s observation that zinc is « Constituent of all animal 
urganisms*. In qualitative spectroscopic analysis, the material to be 
examined is introduced into an arc or into a condensed spark®, and 
the spectrum is photographed with a quartz spectrograph over the 
wave-length range, 7,000—2,000A. A comparison spectrum, such 
as that of the iron arc, is cast upon the same plate. The wave- 
lengths of the lines from the unknown material are measured by 
means of a micrometer, and are identified with known spectra by 
reference to standard Tables of wave-lengths®. 

Applications of spectroscopic observations to quantitative ana- 
lysis depend on indirect methods. The method of N. Lockyer’ is 
based on a comparison of the length of lines from an unknown 
material with the length of the same lincs from a series of standards 
of known composition. The method of W. N. Hartley is based on 
his discovery (1884) that if the quantity of any element present ina 
material is gradually diminished to «verysmall value, lines due to 
that element successively disappear from the resulting spectrum 
until only a few are left. The first method is cumbrous, and the 
second is semi-quantitative. There is, however, a third method 
developed by de Gramont*® and by Meggers, Kiess, and Stimson,” 
which is the most satisfactory. It utilises the intensity of the lines 
of the elements as a spectroscopic quantity which varies in a deter- 
minable manner with its quantity present in the sample under 
examination. The intensities of the lines in a spectrogram from the 
material are compared and matched with their intensities in a series 
of spectrograms taken under the same conditions from material of 
known composition. The spectrograms in both cases are obtained by 
introducing the materials as the poles of a condensed-spark appara- 
tus, and photographing their spectra under the same conditions. 
The success of this method depends on the use of a standard form 
of apparatus, constant observing conditions, and the careful prepara- 
tion of a series of comparison samples. ‘These spectroscopic methods 
have great attraction for the chemist, as they surpass ordinary 
gravimetric methods in rapidity and precision, when dealing with 
abnormally small quantities of material. Numerous applications of 
this method have already been made, such as, the quantitative 
analysis of steels.!° Spectroscopic methods have also found applica- 
cation in industrial uses, as for example, the determination of nickel 


in fats.'! 
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Complex molecules which give characteristic absorption spectra 
have also been brought within the scope of the spectroscope by 
utilising the same principle as that employed for emission spectra 
by de Gramont, i.c., comparison with a series of standards. The 
introduction of the spectrophotometer has, however, rendered un- 
necessary this tedious preparation of standards. 

Ever since the pioneer investigations of Hartley and Huntingdon 
in 1879 on the spectra of liquids and solutions, absorption curves 
have been widely used in elucidating the structure of organic 
compounds.'? Latterly these investigations have been made for 
the solutions of the problems of valency. From a careful study of 
the absorption spectra of an acid, its salt and its ester, it is shown 
that the ionic bond in salts gives a different spectrum from that of 
the non-ionic bond of the ester.!** 


The Optical Rotatory Dispersion. '* 


The phenomenon of rotatory polarisation depends on the property 
which certain substanees possess of taking « beam of plane polarised 
light, and imparting a twist to the plane of polarisation: the plane 
polarised beam of light enters with all its vibrations compressed, 
say, in a vertical plane; it emerges with its vibrations which are 
no longer vertical, but are inclined to the right or to the left. The 
phenomenon of optical activity was discovered by Arago'* in 1811 
in the case of quartz, by Biot'> in 1815 in the case of organic com- 
pounds, and by Faraday!® in 1846 in the case of substances subjected 
to the influence of a magnetic field. The importance of this 
discovery to the chemist has been far reaching. Biot’s pioneer 
work on the optical activity of organic compounds led to the dis- 
covery of molecular dissymmetry by Pasteur, and the theory of 
molecular dissymmetry in its turn has proved of immense value in 
the elucidation of molecular structure of chemical compounds. In 
this way, the services rendered by the polarimeter have been as 
notable as the results obtained with the help of the spectroscope. 

Soon after the discovery of the phenomenon of rotatory polarisa- 
tion, the first attempt to determine the mathematical form of the 
curves of the rotatory dispersion of quartz was made in 1817 by 
Biot,!7 who showed that the rotatory power was inversely propor- 
tional to the square of the wave-length, so that « = k/A” or 
ad® = constant. This equation was verified by plotting the thick- 
ness of quartz required to produce a rotation of 90°, 180°, 270°, ete., 
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against the square of the wave-length of the light. It is note- 
worthy that Biot arrived at this Law of Inverse Squares, inspite 
of the fact that he had no source of monochromatic light, and that 
his only wave-lengths were Newton’s values. Notwithstanding the 
poor facilities in experimental technique available at that time, 
Biot always included measurements of rotatory dispersion in his 
work on optically active substances. He further proceeded to 
apply this law to those liquids in which he had also discovered the 
property of optical activity, ¢.g., oil of turpentine and an aqueous 
solution of cane sugar. The method adopted was to balance tke 
rotation of the liquid against that of a quartz plate of opposite sign. 
In each case the compensation appeared to be exact, which proves 
that the law of inverse squares held equally for the liquids as for the 
rock crystal. It was not, however, long before it was recognised 
that the law of inverse squares was not exact and universally true. 
Biot himself from the first had suspected small deviations; in 1836 
he obtained definite evidence of this fact when trying to compensate 
laevo-rotatory turpentine against a devrtro-rotatory oil of lemon, 
either in separate tubes, or mixed, and was led to observe that ‘the 
compensation of the deviations, although very close for all the rays, 
was, however, neither complete nor general’’!*. Even the 
approximation to Biot’s law, which had been found to hold good 
for all substances hitherto studied, disappeared in the case of aqueous 
solutions of tartaric acid. They were found to obey a totally 
different law, since the rotatory power of the acid, instead of 
increasing progressively as the wave-length of the light diminished, 
passed through a maximum in the green region of the spectrum.!” 
Biot was thus led to divide optically active substances into two 
groups: (i) those which obeyed approximately the law of inverse 
squares, (ii) those which did not obey it, e.g., tartaric acid. After 
Biot’s death, on account of increased accuracy in polarimetric 
work, deviations from the law of inverse squares became too marked 
to be ignored, and led to its general abandonment even as a first 
approximation. Several other formule were, however, put forward 
as expressions connecting rotatory power with wave-length, such 
as those by von Lang and Stefan,2° 2=A+B/A?; by Boltzmann 2!, 
a=A/A?+B/A*, and by Lommel *?, a=kA*/(A2—AZ)?. These 
formule, being empirical, proved of little value and broke down 
under more stringent experimental conditions. As a result of this, 
interest in the study of rotatory dispersion diminished. The dis- 
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covery of the Bunsen burner in 1866 made it easy to produce the 
D-line of the sodium flame which acquired almost a monopoly as 
a source of light for polarimetric measurements. ‘his was fatal 
to the study of rotatory dispersion, since no other monochromatic 
light could be produced with equal ease. Organic chemists became 
accustomed to determine the rotatory power of the ever increasing 
number of optically active compounds for the sodium doublet 
only; this was pardonable in their case for lack of experimental 
technique. ‘There was, however, no justification for the physical 
chemists, seeking to discover the influence of solvent, concentration, 
temperature, or chemical constitution on rotatory power to work 
with sodium light only and to record a single point on the curve 
of rotatory dispersion of unknown form. This work has met with 
little success, as the effects produced by variation of temperature, 
or by dilution with different solvents so complex that no simple 
rules have been discovered. The influence of the wave-length of 
the light is, however, simpler and should be studied for two reasons. 
In the first place, it is of no use to seek to establish fundamental 
laws with the help of measurements which are restricted to only 
one wave-length. The form of the dispersion curve should be deter- 
mined. Secondly, the effect of change of wave-length on rotatory 
power is not accompanied by any change in the medium, whereas 
changes of temperature, solvent and concentration may introduce 
complications by altering the structure of the molecule. These 
considerations demand the study of dispersion as a preliminary 
to all investigations on optical activity, with a view to determine 
the type to which the dispersion curve of the material under 
examination belongs. 

The study of rotatory dispersion has been of great value in 
another direction also. It has provided us with a new method for 
distinguishing isomeric, tautomeric and polymeric from polymorphic 
optically active substances. * 


Experimental Methods of Measuring Rotatory Dispersion in the 
Different Regions of the Spectrum. 


Rotatory Dispersion in the Visible Region.—The experimental 
determination of rotatory dispersion in the visible region has been 
rendered easy by the introduction of new sources of light, such 
as the enclosed mercury and cadmium ** arc-lamps as well as the 
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cadmium-silver arc burning between a vertical and a horizontal - 
electrode. Additional lines of sodium and lithium are rendered 
available by suitably introducing salts of these metals into the 
carbon arc. The spectra of these metals are so simple that no 
elaborate purification is required. A direct vision prism on the 
eye-piece as employed by Perkin ®° is sufficient to read these lines 
and avoid the presence of stray light. A wide slit opening symme- 
trically in front of the triple-field is the only other modification 
which has to be made in adapting an ordinary polarimeter for 
measurements of rotatory dispersion. The routine measurements 
are carried out for about 10 wave-lengths distributed along the 
visible spectrum as follows: 


Li Cd Li Na Hg Hg Ag Cd Cd Hg 
6708 6438 6104 5893 5781 5461 5209 5086 4800 4358 
(mean) 
Red Orange Yellow Green Blue Violet 


If additional lines are required, they can be easily obtained from 
the line spectra of copper, zinc (in the form of brass) and silver. 
But on account of the greater complexity of these spectra, it is 
necessary to narrow down the triple-field of the polarimeter by 
means of the slit in order to prevent overlapping, and to illuminate 
the polarimeter by light which has already passed through a spec- 
troscope before being thrown into the triple-field. These additional 
lines are as follows : 2° 


Zn Cu Cu Ag Ag Cu Cu Cu Zn Zo Zn 
6362 5782 5700 5472 5465 5218 5153 5106 4810 4722 4680 
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Red Yellow Green Blue 


Rotatory Dispersion in the Ultraviolet Reyion.—The study 
of the rotatory dispersion in the ultraviolet region has assumed 
great importance, as it is especially in this region that the 
essentia! characters of the dispersion curves are first dis- 
closed. Several photographic methods have been used at different 
times. The method of Joubin 2’ is now only of historical interest. 
The method of Nutting 2° was a notable advance in the technique 
of rotatory dispersion work. From the measurements of the dis- 
placement of fringes for each spectral ray, the rotatory power is 
calculated. The relative error in this method is, however, very 
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great. In the other methods which have been used, the com- 
plete extinction of a single field is replaced by that of two 
or three contiguous fields of different intensities. On one side 
of the extinction, one of the fields is very dark, while the other 
is bright ; reverse is the case on the other side ; whilst between 
these two extreme positions there is equality of intensity of the 
different fields which corresponds to complete extinction. It is 
indicated by an abrupt change in the intensity of illumination of 
the different portions of the field. There methods arranged chrono- 
logically are those of St. Landau,?" Lowry,*® Darmois,*! and 
Kuhn.*? The method of Lowry is very precise and allows any 
accidental displacement of the apparatus to be disclosed by the 
inequality of illumination of the exterior fields. In this method 
an iron-arc is used as a source of illumination, and the telescope 
of the analyser is replaced by a long-focus lens, by means of which 
a real image of the triple field is thrown on to the slit of the 
spectrograph. The spectrum which is formed inthe spectrograph 
is divided into three horizontal strips corresponding to the three 
portions of the triple field, and measurements of the rotatory 
power are made by observing the wave-length at which the three 
divisions of the spectrum lines are equally bright for a given sctting 
of the analyser. For lower down the ultraviolet region, the Nicol 
prisms are replaced by Foucault prisms and _ for still lower wave 
lengths, all che calcite must be eliminated from the apparatus, ¢.g., 
by replacing the Foucault by Rochon prisms, and the quartz- 
calcite lenses by quartz or quartz-fluorite. 

The instruments of Landau. Darmois and Lowry require trial 
and error to find out the rota‘ions through an extended spectral 
interval, especially when multiple line-spectra are used. This is 
eliminated in the apparatus of Cotton and Descamps.** Their 
instrument is based on the principle that the rotatory movement 
of the analyser produces a displacement of the image recorded on 
the sensitised plate. Light which has passed through the polariser, 
and a trough containing the liquid and the analyser, along an axis 
x x, is deflected at right angles to this axis by a train of prisms. It 
falls on a photographic film bent into a cylindrical form with x x as 
the axis of the cylinder, forming upon it a series of images of a 
short slit for the different ultraviolet lines of the mercury arc-lamp 
employed for illumination. The analyser and the train of prisms are 
mounted together, so that they form a system which can be rotated 
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about the x x axis. The light spots move over the photographic 
plate, which registers their intensities for different positions of the 
analyser, making it possible to determine the angle at which each 
of them is extinguished. In the instrument as constructed, the 
first prism of the train also acts as the analyser, being made of 
Iceland spar ; the second prism is of quartz, and the necessary 
lenses and the trough walls are transparent to ultraviolet rays. 
The rotatory dispersion is determined by giving two exposures, the 
first in the absence of the active substance, and the second with 
the latter in the apparatus. The first film records the extinctions 
which are produced for all the lines simultaneously (polarimetric 
zero) ; the second film gives the extinctions for the active substance. 
The exact positions of the extinctions on the negatives are deduced 
from a study of the photographic density of the images by means 
of the reading microphotometer of Challenge and Lambert. ** 


Rotatory Dispersion in the Infra-red Region of the Spectrum. 


The infra-red measurements are made with a triplefield polari- 
meter having Nicol prisms of large aperture.*° The light from a 
Nernst lamp is focussed through this apparatus on the slit of the 
infra-red spectrometer, having a sensitive thermopile fitted in the 
focus of the eye-piece of the telescope. ‘The intensity of the trans- 
mitted radiations is measured by means of the galvanometer deflec- 
tions for different settings of the drum of the spectrometer. Work 
in the infra-red region is difficult not only on account of the increas- 
ing weakness of the radiation, but also on account of the extremely 


low rotatory power, 


Types of Rotatory Dispersion. 


Although Biot had discovered the law of inverse squares in 1817, 
and the errors in the law in 1836 as already remarked, the experi- 
mental data on rotatory dispersion at his disposal were not sufficient- 
ly accurate to enable him to correct the law, a=k/A®. His graphical 
method of plotting 1/o against A®, which he had employed in testing 
the law, would have shown that the straight line does not pass 
through the origin at A?=0, but intersects the axis of zero rotation 
at a finite distance from the origin, i. ¢., at a point given by A?=A?. 
The true law of rotatory dispersion then becomes a=k/(A? —A?), 
instead of a=k/A®. In 1898, Drude *® as the result of along 
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theoretical investigation, based on the electronic theory of radiation, 
first enunciated the law of rotatory dispersion in the general form 


ak ON, ke 
2 — —_ i 
a Th AP— An 


l~ 


(approximately), 


where the ‘‘ dispersion constants ’’ A?. corresponding with the 
natural free periods 1/A, of the electrons, were deduced from 
measurements of the refractive dispersion, according to the equation, 


ne M 
2— Wx " 
a > 2A? 


in which N is the refractive index, and E is the dielectric constant 
of the medium. ‘The generalised formula of rotatory dispersion did 
not find any application for many years, except in the solitary case 
of quartz by Drude himself as a two-term equation, The reason 
for this is not far to seek. Although a vast number of optically 
active substances were prepared and studied, the rotatory power 
of a great majority of them had been determined for one wave- 
length only. Lowry*’ for the first time in 1913 showed that the 
single term of Drude’s equation, involving only two arbitrary cons- 
tants, namely, a “‘rotation constant’’ and a ‘‘dispersion cons- 
tant’’ A.?, as set out in the equation a=k/(A?—A.”), was sufficient 
to express the rotatory dispersion of a large number of secondary 
alcohols of the aliphatic series. Further applications of Drude’s 
simple formula were made by him*® with about 37 compounds of 
the terpene series for which Rupe*® had published in 1915 a series 
of measurements of the rotatory power for four different wave- 


lengths. 
Simple and Complex Dispersion. 


As a result of this work, Lowry*® has classified rotatory dis- 
persions as ‘‘simple’’ or ‘‘complex,’’ according as they can or 
cannot be expressed by the equation, a=k/{A?—A,*). This equa- 
tion which differs from Biot’s equation only by the addition of the 
constant A,2 was deduced by Drude for rotatory dispersion in 
transparent media; it does not, therefore, apply to the absorb: nt 
media studied by Cotton*! where anomalies are observed on passing 


through the region of absorption. 


3 
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Examples of Simple Dispersion. 


This simple formula is valid for a large number of secondary 
alcohols** and for nicotine*? containing a single asymmetric 
carbon atom. It is also valid for methylcyclohexylideneacetic 
acid*® which contains no asymmetric carbon atom. Other subs- 
tances which obey the simple dispersion law are camphorquinones, 
oxymethylenecamphors*® and their condensation products with 
aromatic amino compounds,*® the rotatory dispersion of which has 
been investigated by the present writer. An inspection of the 
structural formule of these compounds, which contain two, four or 
six asymmetric carbon atoms, reveals the fact that they are complex 
ring compounds loaded with double bonds. Sucrose *®* containing 
nine asymmetric carbon atoms, also shows simple rotatory dis- 
persion. It is evident from these examples that the type of 
rotatory dispersion which a substance exhibits depends neither on 
its molecular structure, nor on the number of asymmetric centres 
which it may contain. These researches on the optical rotatory 
dispersion of organic compounds carry us back to the classical 
postulate of Molecular Dissymmetry of Pasteur, who attributed 


rotatory power to the dissymmetry of the whole molecule rather 
than to the presence of one or more asymmetric carbon atoms 


in it. 
Examples of Complex Dispersion. 


The rotatory dispersion of camphor and of most of its derivatives 
cannot be expressed by the equation, a=k/(A? —A,*); it is therefore, 
not simple but complex. In nearly every case, however, it can be 
expressed by using two terms of Drude’s equation,** although the 
dispersions are normal as in the case of camphor itself (where the 
rotations are positive) and sometimes anomalous as in in the case of 
a’-bromocamphor, the dispersion curve of which shows all the 
three characteristic anomalies, namely, an _ inflexion at 5455 
A.U., a maximum at 4710 A.U. and a reversal of sign at 3890 ALU. 
Another example of anomalous rotatory dispersion, observed by 
the present writer, is the monoacetyl derivative of p-phenylenebis- 
aminocamphor*®. ‘The rotatory dispersion curve of this substance 
in pyridine solution cuts the axis of zero rotation between the mer- 
cury green and violet regions of the spectrum, and thus exhibits 
one of the three characteristic anomalies, namely, reversal of sign. 
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Anomalous Rotatory Dispersion. 


The small correction which is needed to convert Biot’s law into 
the Law of Simple Rotatory Dispersion is of great importance, 
since if all optically active substances obeyed the Law of Inverse 
Squares, all rotatory dispersions would be normal and would be 


identical ¢.g., 


5464)? ” 


In this case no form of anomalous rotatory dispersion could exist. 
The introduction of a second term into the equation of the rotatory 
dispersion gives rise to complex rotatory dispersion, and the two- 


term formula may be written thus 


a kg 

enh eo ee I i 12 . @° 
A?—-A,? A?—-A,? 
The examination of this equation discloses the fact that a is 

a maximum at the wave-length A, i.e., anomalous dispersion can 


occur, if 


ky = (AP=A,?)? 
ky (A2—Ag?)? 


a condition which can be fulfilled when k, and kg are of opposite 
sign, and ky>k,, when A, >Ayg. From the chemical point of view, 
this anomaly expressed by the two-term formula is due to the 
presence in the liquid of two kinds of optically active molecules, pos- 
sessing normal rotations of opposite sign and of unequal dispersion. 
This suggestion is due to Biot*® who in 1836 produced this anomaly 
artificially by two methods when he attemped to compensate the 
optical rotatory power of lacvo-rotatory turpentine by balancing it 
against a column of deztro-rotatory oil of lemon, in which the super- 
position is entirely optical, or by mixing the two liquids in suitable 
proportions. 

The anomalous rotatory dispersion of tartaric acid was explained 
by Arndtsen*® in 1858 as due to the presence of two interconvertible 
forms of the acid, which, however, have never been isolated. It is 
for this reason that special interest attaches to the work of Austin 
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and Park®® on the rotatory dispersion of laevo-rotatory diacetyl 
tartaric acid, and its dezxtro-rotatory anhydride. Both these com- 
pounds exhibit simple dispersion in dry acetone (the dextro-rotatory 
compound having smaller dispersion constant), which may be ex- 
pressed by the equations: 


200 
[=], = —6°508/ (A? —0°0833)2 (acid), 


200 
[ey = +18°354/ (A? —0°0507)2 (anhydride). 


In wet acetone, the anhydride undergoes gradual hydrolysis into 
the corresponding acid. Since the rotations of the two compounds 
are opposite in sign, and their dispersion constants are of unequal 
magnitude, all the conditions necessary to produce anomalous dis- 
persion are present in the solution of a mixture of the two com- 
pounds. Thus a freshly prepared solution of the anhydride in wet 
acetone which gave a simple dextro-rotation soon showed a complex 
and anomalous dispersion, owing to the development in the free 
acid of a negative partial rotation with a high dispersion coefficient. 
This compler and anomalous dispersion was transformed in turn 
into a complex and normal dispersion when the negative term bad 
become predominant over the whole range of wave-lengths; and 
finally the solution, after complete hydrolysis shows only the simple 
laevo-rotation of the free acid. 

The rotatory dispersion of certain coloured substances is always 
anomalous in the immediate neighbourhood of an active absorption 
band, namely, the absorption band which is really caused by the 
same radicals in the molecule that are responsible for its optical 
activity. In the neighbourhood of such an absorption band, Drude’s 
simple formula does not apply owing to the fact that in deducing it, 
certain terms, the effect of which is appreciable only in the neigh- 
bourhood of an absorption band, are neglected. If these terms are 
retained, then theory leads to the result that in the neighbourhood 
of an absorption band, the dispersion curve after passing through a 
maximum, changes sign, and then passes through a second maxi- 
mum of the opposite sign. The theory further requires that between 
the two maxima, the phenomenon of circular dichroism (the unequal 
absorption of two circularly polarised rays into which the original 
plane vibration can be resolved) should be observable. The double 
maxime and the circular dichroism at an absorption band were first 
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observed by Cotton®! in 1896 and the phenomenon is known as the 
** Cotton Effect.’’ 

The applications of the study of circular dichroism to the solution 
of one of the most fundamental problems in natural science namely, 
the realisation of a complete asymmetric photosynthesis affords 
yet another instance in which the Science of Optics has rendered 
great service towards the elucidation of the great riddle which has 
puzzled the scientists since the time of Pasteur. Starting with opti- 
cally inactive materials, the synthetic products of the laboratory 
are always racemic compounds or externally compensated mix- 
tures of the oppositely active antipodes. These products never 
show any optical activity until and unless they have been resolved 
by one of Pasteur’s methods. The products syothesised by the 
living plant or animal from inactive materials, such as water, carbon 
dioxide, ammonia, etc., are generally endowed with optical activity, 
and thus present a striking contrast in this respect. The direct 
production of optically active substances, therefore, seemed to be the 
very prerogative of life. Pasteur himself was led in 1860 to believe 
in the deep and unbridgeable gulf between the chemistry of the 
living and that of dead matter. Although he modified this opinion>? 
in 1884, the vitalistic views of Japp and others®* expressed as late 
as 1898 show the existence of the belief in the great barrier between 
the products of the laboratory and those of life. The products of 
natural synthesis by plants or animals always show the same optical 
activity. It is the result of a partially asymmetric synthesis brought 
about by the presence of pre-existing optically active molecules in 
the living cell. The realisation of a partially asymmetric synthesis 
by Marckwald and Mackenzie** in 1900 for the first time in the 
laboratory has thus brought the natural synthesis by plant or animal 
within the scope of chemical mechanics, having reduced it to be 
simply a question of relative difference in reaction velocities. These 
researches, however, still leave unanswered the question of the 
oricin of the first optically active substance, the presence of which 
has served to guide and influence the natural syntheses, taking place 
in plant and animal cells during all the subsequent periods. The 
realisation of a complete asymmetric synthesis, from substances 
devoid of any optical activity, will be therefore a great’ experimental 
triumph. Several attempts made with the aid of photochemically 
sensitive asymmetric substances, showing circular dichroism, such 
as those by Henle and Haakh °° in 1908, Cotton®® in 1909 and 
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Jaeger®’ in 1921 proved, however, unsuccessful. Recently Kuhn and 
Braun °§ working with Freudenberg announced that they have 
obtained a positive result by making use of the procedure which had 
been previously indicated by Cotton. They found that the rotatory 
power of ethyl a-bromopropionate, CH,’ CH’ Br’ COOEt, in aleoho- 
lie solution first increases enormously, then decreases and finally 
changes sign as the wave-length is decreased. From these measure- 
ments “of rotatory dispersion, they inferred that the substance exhi- 
bited circular dichroism. They, therefore, exposed ethereal solu- 
tions of the torresponding racemic ester simultaneously to deztro- 


and lacvo-circularly polarised light of A= 2800 A. The maximum 
rotation observed in ether was only + 0°05°. Further progress in 
the preparation of optically active substances by the help of circu- 
larly polarised light has been recorded by Kuhn.*° It is found that 
when 1°5 per cent hexane solutions of racemic dimethylamide of 
a-azidopropionic acid, CH; CH*N;‘CO‘N (CH3) 9, were partly decom- 
posed by circularly polarised light (A=3100 A), and the undecom- 
posed dimethylamide subsequently isolated from the solution, active 
preparations which showed rotation of +0°78° and—1'04° were 
obtained. ‘The problem is thus solved in principle, and for more 
complete separation two conditions should be satisfied. The first is 
that the racemic substance should be completely dissociated in solu- 
tion, and secondly we should know the spectral region in which the 
circular dichroism is maximum, so as to enable us to select the 
radiation which would give the maximum separation. The method 
has the advantage that it allows the production of both the isomers. 
Apart from the application of circular dichroism to the prepara- 
tion of the optically active substances from purely inactive materials 
and without the intervention of any vital processes or agencies, its 
utility in the solution of other physico-chemical problems is also 
being recognised. The existence of circular dichroism enables us to 
establish a very sharp distinction between the solution of a racemate 
and that of a simple mixture which is inactive by external compen- 
sation®®. A study of circular dichroism also allows us to throw 
light on the nature of the chemical bond. Whenever a liquid shows 
circular dichroism, it is certain that it contains molecules which are 
active and at the same time absorbent. Lifschitz °° from a study 
of some complex derivatives of cobalt has been able to recognise in 
them two components one active (i.c., containing an asymmetric 
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carbon atom) and the other absorbent (i.e., a coloured ion). He 
distinguishes between the case in which the two components are 
linked by a principal valency bond, and that in which they are 
united by an electro-valent bond. It is only in the former case that 
circular dichroism would be manifest; in the other case, in which 
the linking between the components is electrovalent, no influence of 
absorption on the optical activity of the dissolved substance would 


be observed. 

The application of other branches of Optics, such as X-ray 
methods, has yielded important results, and has led to definite 
advances in our knowledge of crystal structure, but enough has been 
said to show the immense debt which chemistry owes to the Science 
of Optics. 

In coucluding this address, I would like to make some suggestions 
which may prove useful to our young chemists during the period of 
their university studies. Most of the easy problems in Chemistry 
bave been solved, and what remains to be accomplished is difficult. 
It is, therefore, necessary that the future investigators in chemistry 
should be properly trained in the fundamental Sciences, namely, 
Mathematics and Physics. If their work is to lie in Bio-chemistry, 
they should pay special attention to Biology and Physiology. Above 
all, skill in experimental technique is of the utmost value. As 
most of the original work in Chemistry is published in English, 
French and German, a good working knowledge of these languages 
should be the first preliminary preparation for all such studies. If 
the Indian chemists are thus equipped, we may certainly hope to 
see as great advances made in Chemistry in this country as have 
already been accomplished in Physics. The Indian mind, on account 
of its great development during the long period of civilisation it has 
witnessed, is eminently fitted for scientific investigation. What is 
needed is proper equipment of the workers with the necessary tools 
for the task before them, and when this is done, fundamental dis- 
coveries are sure to follow. 
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Variation of the Electrical Charge of Colloidal Particles 
Part VY. Effect of the Manner of Preparation of 
Arsenious Sulphide Sol on the Cataphoretic 
Speed in Presence of Electrolytes. 


By JNANENDRANATH MUKHERJEE, SATYAPRASAD RoycHOUDHURY 
AND SOURESWAR GOHAIN RAJKUMAR. 


The manner of variation of the cataphoretic speed of particles of 
this sol with different concentrations of the same electrolyte depends 
on the method of preparation or the dilution (Mukherjee and 
Choudhury, J. Indian Chem. Soc., 1925, 2, 296 ; Mukherjee, Roy- 
choudhury and Bhattacharyya, ibid., 1928, 5, 735). Two different 
types of curves have been met with; in one the cataphoretic speed 
continually decreases with the concentration of the electrolyte 
(Mukherjee and Choudhury, Joc. cit., ; Mukherjee, Choudhury and 
Roychoudhury, ibid., 1927, 4, 493 ; Freundlich and Zeh, Z. phys. 
Chem., 1925, 114, 84) and in the other there is a fall in the 
cataphoretic speed at low concentrations of the electrolyte but an 
increase at higher concentrations (Mukherjee, Roychoudhury and 
Bhattacharyya, loc. cit. also Kruyt and Willigen, Z. physikal Chem., 
1927, 130, 17). It has also been observed that on dilution, a sol 
with a lower initial charge shows a rapid increase in the charge 
at lower concentrations of potassium chloride. These observations 
are of interest in relation to the properties of the primarily ad- 
sorbed ions including their valencies and the adsorption of the 
ions present in the solution (Mukherjee,: Trans. Faraday Soc., 
1921, 16, 103). The concentration of hydrogen sulphide, of hydro- 
gen ions and of arsenious oxide are expected to have an important 
effect on the relative amounts of sulphide and hydrosulphide ions on 
the surface. S. N. Mukherjee (Kolloid Z., 1930, 58, 159) has shown 
that on the addition of arsenious oxide the cataphoretic speed of arse- 
nious sulphide sol diminishes. One can visualise the possibility 
that when added in very small quantities it may increase the charge 
as the hydrogen ion concentration would be lowered and a larger pro- 
portion of sulphidions is present. This would happen when the 
amount of free sulphidions and hydrosulphidions adsorbed on the 
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surface is not sufficiently decreased owing to the diminished equili- 
brium concentration of hydrogen sulphide in the solution which is a 
necessary consequence of the addition of arsenious oxide. This ex- 
pected rise has been observed using an amount of arsenious oxide 
(equivalent to a concentration of 0°0001N) lower than that used by 
8S. N. Mukherjee (loc. cit.). 

In the light of the theoretical consideration advanced in previous 
papers (loc, cit.) a difference in the relative adsorbabilities of the 
cation and anion should produce a difference in the slopes 
of the curves (see in particular Mukherjee, Roychoudhury and 
Bhattacharyya, loc. cit.). The electrical adsorption of two univalent 
cations by a primarily adsorbed divalent anion is of interest as 
showing the effect of the diameter of the ions. 


EXPERIMENTAL. 


The sol prepared as previously described was kept wrapped with 
black paper in a dark place. 

The salts used were all of Merck’s reagent quality twice recrys- 
tallised. The temperature of the thermostat was 85°+0°1°. 

Corrections for viscosity were neglected as they were within the 
limits of the error. In view of the errors possible at low concentra- 
tions some of the data are given below to show the accuracy and to 
show how far the observed speed is independent of the direction of 
motion (Mukherjee, Kolloid Z., 1932, 68, 155). 


TaBLeE I, 
Rate of migration in cms. per sec. per volt/cm x 10°. 


Electrolyte conc. Direct. Reverse. Mean. 


0 69°84 


oe seat 


60°56 58°91 


53°95 54°29 
54°61 oad 
53°12 53°94 
58°62 52°10 
52°14 50°84 
40°00 38°39 
67°74 
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The cataphoretic speeds are shown in the Figure. Duplicate ex- 
periments were performed in most cases. 
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Discussion. 
The Influence of Arsenious Oxide. 


1. While the diminution of the cataphoretic speed on addition of 
arsenious oxide is in keeping with its sensitising effect at all concen- 
trations so far investigated (S. N. Mukherjee, loc. cit.) against coagu- 
lation by electrolytes, the increase observed here shows that higher 





30 MUKHERJEE, ROYCHOUDHURY AND RAJKUMAR 


cataphoretic speed does not always confer a greater stability against 
coagulation by electrolytes. Reference may be made in this connec- 
tion to the greater rate of diminution of the positive charge of a ferric 
oxide sol on the addition of potassium chloride when the initial cata- 
phoretic speed is higher (Mukherjee, Roychoudhury and Biswas, J. 
Indian Chem.Soc., 1931, 8, 373). 

2. On account of the strong affinity of sulphidions for hydrogen 
ions only a small proportion of the total free negative charge of the 
surface is present in the form of primarily adsorbed sulphidion. On 
the addition of arsenious oxide the equilibrium concentration of hy- 
drogen sulphide as also the amount of it that is adsorbed on the sur- 
face decreases. It is possible, however, that at one stage though there 
is a smaller total number of sulphide and hydrogen sulphide ions on 
the surface, the density of the charge will be greater on account of a 
greater proportion of sulphidions which carry two units of charge. 
The observed rise indicates that the limits within which this rise takes 
place are very small. 


The Influence of Alkali Chlorides. 


1. A comparison of the curves in the figure with those previous- 
ly observed with this sol (loc. cit.) show that both hydrochloric acid 
and barium chloride uniformly decrease the cataphoretic speed. But 
the rate of decrease in the present case is definitely greater. The 
existence of a greater proportion of divalent sulphide ions will increase 
the electric adsorption and the greater slope of these curves is in 
agreement with the theory. But the uniformly lower value of the ca- 
taphoretic speeds which shows that the capacity of the three alkali 
chlorides to diminish the negative charge is in the order Li°> Na°> 
K° is contrary to previous observations as also the order of coagu- 
lating concentrations of these electrolytes. A difference is also no- 
ticed in the slopes of the ascending and descending portions of the 
curves. If the greater slope of the portions of the curves where the 
cataphoretic speed steadily diminishes be referred to the adsorption 
of cations then the adsorbability of these three cations appears to be in 
order Li°> Na°> K°. On the other hand after reaching the mini- 
mum which, it may be noted, is reached at about the same chlorine 
ion concentration, the cataphoretic speed increases more rapidly in 
the case of lithium and the positive (increasing cataphoretic speed) 
slopes are also in the order Li°> Na°> K°. 
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The assumed stronger adsorption of lithium ions cannot account 
for this order. If the increase in the negative charge be attributed 
to the adsorption of chlorine ions, then two explanations of this 
difference in the positive slope are possible: either (i) that the 
lower negative charge facilitates a stronger adsorption of the anion 
(chloridion) or (ii) that the adsorption of the cations is in the 
order K°>Na°>Li.° The former explanation is in conformity with 
the observation that a lower initial cataphoretic speed favours 
a rise in the negative charge as shown by an increased cataphoretic 
speed on the addition of potassium chloride. If this explanation is 
true it is not necessary to assume that there is a reversal in the 
order of adsorption of the cations in the ascending portion of the 
curves. There is, however, one fact which seems to contradict the 
order of adsorption: Li°>Na°>K°. This is that at 0°0002N the 
cataphoretic speeds indicate the order of adsorption K°>Na°>TLi° 
as shown by the following respective values of the speeds: 52°86, 
63°52, 53°92. 

2. On theoretical grounds it is difficult to understand why the 
relative orders of adsorption of the cations will be different in 
different portions of the curves. Assuming that the order of adsorp- 
tion of the cation is Li° >Na°>K° two difficulties are met with: of 
this, one has been referred to just now and consists in the cataphoretic 
speeds at 0°0002N salt concentration and the other is the slope of 
ascending portion which is uniformly greater for lithium and decreases 
in the order Li° >Na° >K° up to the coagulating concentration. If the 
lower negative charges were the cause of the difference in the slopes, 
as suggested in the previous paragraph then the slope should decrease 
as the negative charge increases. The curves do not support this 
conclusion. The other possible explanation is that the order of 
adsorption of the cation is really K° >Na°>Li° as observed with this 
sol prepared in a different way. The apparently opposite order of 
adsorbability is to be attributed to the fact that there is a large 
proportion of divalent sulphidion on the surface and that the simul- 
taneous electrical adsorption of two univalent cations by a divalent 
anion depends also on the repulsion between the univalent cations. 
The ions are assumed to be electrically adsorbed in a hydrated 
condition and the diameters of the hydrated ions are assumed to be 
in the order, Li°?>Na°>K° which conforms with the mobilities. 
The simultaneous electrical adsorption of two lithium ions will be 
easier but that of two potassium ions more difficulé on account of 
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the smaller diameters of the potassium ions. With the result that 
at the smallest concentration where only one cation is adsorbed by 
a divalent ion, the order of cation adsorption should be K°>Na® >Li® 
as is shown to be the case at 0°0002N. When the adsorption of two 
cations become more and more in operation there is a change in the 
apparent adsorption order Li°>Na°>K°. This persists till the 
greuter adsorption of the chlorine ions asserts itself at the higher 
chlorine ion concentration at about 0°01N. The surface is now 
mostly covered by univalent anion ‘complexes’ and the usual order 
K°>Na°>Li® is reflected in the positive (increasing negative charge) 
slopes which is greater for the more weakly adsorbed cation. This 
explanation also enables us to understand the regular diminution 
of the speed observed in other sols and the usual order of cation 
effect on the speed, viz., K°>Na*>Li°. In the usual method of 
preparation, the sol is saturated with hydrogen sulphide which is 
driven with a current of hydrogen whereas in the other group of sols 
excess of arsenious oxide is ensured. The two groups of sols probably 
differ in that in the former the anions are mostly univalent and 
that in the second there is a considerable proportion of divalent 
anions. 

8. The order Li°>Na° >K° is known and the adsorption of these 
ions in a dehydrated condition would explain such an order from the 
point of view of the electrical adsorption. Only further experiments 
can decide between these alternatives. 


PuysicaL CHEmistry LaBoratory, 
University CoLuece or Science, Received November 1), 1982. 
Calcutta. 
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An Automatic Glass Burette Jet. 
By D. R. ParaNspE aNp D. V. CHANDERKAR. 


The burettes used in Intermediate Chemistry laboratories are 
usually cheap ones without ground glass stoppered jets. In ordinary 
practice they are provided with a separate jet connected with the 
drawn out end of the burette and the flow is controlled by a pinch- 
cock. These pinch-cocks are easily spoilt and cause a permanent 
stricture in the connecting rubber tube. 

The automatic jet, described here, does away with the pinch-cock. 
It may be used also on the delivery tubes of Kipp’s H,S generators, 
thus stopping much wastage of the material when the generator cock 
is inadvertently left open. The jet is extremely simple to make and 
has replaced the pinch-cock in this laboratory. 
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To make an automatic jet, an ordinary jet is first drawn as at D 
(Figs. 1 and 2). The tube is then closed at A and a small circular 
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opening made at B asshown. A slight drawing out of the tube as 
shown at C will be found useful. 

To work the jet, a tight fitting rubber tube is slipped on up to the 
constriction C, where it can be tied on with a piece of thread, so as to 
cover the circular hole B. 

No liquid will flow out when the burette is filled and the circular 
hole on the jet covered with rubber tubing as shown in Fig 8. To 
release the liquid, the rubber tubing is pinched at a spot immediately 
above the circular hole B (Fig. 2). When the rubber tube is lifted up 
in this way, the liquid from the burette enters the hole B and escapes 
through the jet. The flow can be easily controlled by pressing on 
the rubber tube connection, and with little practice even control 
over drops can be attained. 

While using the jet it is very important that it should be freed 
from air-bubbles, otherwise titration errors will occur. To get rid of 
the air bubbles the flow is to be started as explained above and the 
jet turned from position (I) to position (II) as shown in Fig. 3. 

If alkalis are used in the burette, there is danger of the rubber 
connection becoming slippery and so moving its position, thus causing 
a wrong reading. This is corrected by tying a piece of thread on the 
part D (Fig. 1) and fixing it there permanently. 


CoLueGe oF SCIENce, 
Naapor. Received December 9, 1932, 





On the Stability of Lithium Urate Solis. 


By Satya Prakasa. 


It was observed by Schade and Boden (Z. physiol. Chem., 1918 
83, 847) that if uric acid be suspended in boiling water, and then 
lithium hydroxide added to it, the acid gradually passes into the 
solution. On addition of sodium chloride to the colloidal lithium urate 
so formed, the unstable jellies of the substance are obtained. In this 
communication, an investigation of the substance has been made from 
the view point of its stability as given by coagulation and conductivity 
results. 

The sols of lithium urate were prepared by suspending 2 g. of uric 
acid in 100 c.c. of conductivity water, to which a drop of phenol- 
phthalein was added. The solution was warmed to 80-90° when 
lithium carbonate in very small quantities was added, till a faint 
pink colour just appeared. Lithium carbonate was given preference 
over the hydroxide on account of its insolubility. Thus a clear so- 
lution of lithium urate was obtained. It was allowed to cool slowly 
to the room temperature, and then filtered. The sol thus obtained 
is very unstable and precipitates out in the course of 20 hours. In 
the following table, the results on the coagulation of the sol by diff- 
erent electrolytes have been given. 


TaBre I, 


Amount of the sol taken=2 c. c. Time of observation=30 mins. 
Total volume=4 c. c. 


Electrolyte. Amt. required to coagulate. Coagulating conc. 
in normality. 


N-KCl 08 c. . 0°075 
N-Ky80, 04 01 
N/500-BaCl, 04 0-002 
N/110°8-Al (NO3)3 09 0002025 
N/66'5-H380, 14 0°00526 
N/50-Oxalic acid 0'8 0°004 
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Lithium urate forms a negatively charged sol. The coagulation 
power of the electrolytes is in the following decreasing order: BaCl,> 
Al (NO;);>H,C,0,>H,80,>KCI>K,S80,. 

The apparent anomaly of barium chloride from the well known 
Schulze-Hardy law is due to the chemical action between the barium 
salt and lithium urate. 

The effect of dilution on the stability of the sol is given in the 
following table. 


TaBLeE II. 
Total volume=4 c. c. Time of observation = 30 mins. 


Electrolyte. Amt. of electrolyte in c. c. to coagulate 
lc. c. sol. 2c. c. sol. 2°5 c. c. sol. 
N-KCl 10 03 0°15 
N-K,S0, 08 04 0°25 
N/500-BaClg 08 0'4 0°25 
N/110°8 Al(NO3)3 06 09 11 
N /66°5-H280, 1°0 1°4 15 
N/50-Oxalic acid 06 08 09 


The results recorded in this table show that lithium urate becomes 
stable on dilution when coagulated by electrolytes like potassium 
chloride or sulphate and barium chloride. However, when the coa- 
gulation is effected by aluminium nitrate or oxalic and sulphuric 
acids, the concentrated sol takes up more electrolyte than the diluted 
sol. Ghosh and Dhar (J. Phys. Chem., 1927, 31, 187) have shown 
that the sols of antimony sulphide, prussian blue, gum dammar, and 
gamboge do not follow the general dilution rule and hence behave 
abnormally when coagulated by univalent and sometimes bivalent 
ions. Lithium urate also appears to belong to this abnormal class. 
The author has observed that while a sol obtained by suspending 2 g. 
of uric acid in 100 c.c. is only stable for 20 hours, the sols obtained 
by suspending 0°5 g. or less of uric acid in the same volume can be 
preserved fora number of days. It appears that on dilution, the 
sol preferentially adsorbs the similarly charged ions to a large extent, 
and it has also a marked tendency of adsorbing chloride or sulphate 
ions from the salts when the coagulation is affected by them. On di- 
lution, the sol undergoes marked hydrolysis, and the uric acid thus 
formed is further stabilised by the adsorption of hydroxyl ions from 
lithium hydroxide, a product of hydrolysis. 
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When the sol is coagulated by potassium chloride in presence of 
phenolphthalein, the pink colaur is intensified, showing the liberation 
of hydroxyl ions. The same behaviour is observed when the sol is 
precipitated under the ageing influence alone (cf. Young and Mus- 
grave, Biochem. J., 1932, 26, 941). It has been observed that a 
sol having a Pp, 7°6 became so much alkaline as to give a pg 86 after 
3 days. In the following table, the influence of ageing on the 
hydrogen ion concentrations of three sols prepared by the use of 
different amounts of lithium carbonate has been recorded. 


TABLE III. 
1 G. of uric acid suspended in 50 c. c. of water. 


LigCOy used. Initial pu, pu after 3 days. 
02 g. 75 79 
0°22 76 8°6 
0°25 79 88 


It has also been observed that all the three sols while freshly 
prepared give immediately transparent jellies when mixed with 
potassium chloride. 3 C.c. of the sols require in the case of the first 
sol 0°5 c. c. of N-KCl; while the second and third sols give jellies 
with 0°2 to 0°3 c. c. of N-KCl. After keeping the sols for 6 hours, 
the jelly-forming tendency appears to disappear and the coagulum is 
crystalline. 

An investigation has also been made on the variations in conduc- 
tivites of the sol on ageing. 

1G. of uric acid was suspended in 50 c.c. of conductivity water, 
and in one case, 0°2g. (I) and in the second case, 0°22 g. (II) of 
lithium carbonate was mixed. The mixture was warmed till a clear 
solution was obtained. It was then cooled and filtered and the con- 
ductivities were determined at 25°+0°1. Sol I (px, 7°56) and sol II 
(pa, 7°6) contain 0°1965 g. and 0°2139 g. of lithium urate per 10 c.c. 
of the sol (Table IV). 

The changes in conductivity were slow when a larger amount of 
lithium carbonate was used. With 0°25 g. of LigCO, tol g. of uric 
acid in 60 c.c. of water, the conductivity became constant after 50 
hours. The sol had an initial concentration of 0°2092 g. lithium 
urate per 10 c.c. and pa 7°9. The results are given in Table V. 
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Taste IV. 
Conductivity in mbos. 
Sol I. Sol IT. 
5°516 x 10-3 6°219 x 10-3 
5°439 6°16 
5°368 6°115 
- 6°084 


TABLE V. 


Time in hour ote x 2 5 24 29 48 53 
Conductivity in mhos x 103 6669 6°669 6°537 6480 5°448 5°448 


In the beginning, the change in conduetivity was more gradual 
while after about 40 hours, there is a sudden drop of conductivity to 
almost a constant value (Table V). 

The conductivity results recorded in these tables show that the 
ageing of the sol is always accompanied by a decrease in the electric 
conductivity; the greater the alkali concentration, the slower is the 
change. It has always been shown that the pa of the system in- 
creases on ageing, i.¢., during the decomposition of the sol, some of 
the hydroxy] ions are set free, and in such cases an increase in the 
conductivity should have been expected as has been shown by Dhar 
and his collaborators (Kolloid Z., 1927, 42, 120; Z. anorg. Chem., 
1927, 168, 209), in the case of the ageing of sols of ferric oxide, 
copper ferrocyanide, thorium oxide, silicic acid or arsenius sulphide. 
The abnormal conductivity results of lithium urate sols support the 
views expressed by Schade and Boden (loc. cit.), or Rona and Meyer 
(Biochem. Z., 1928, 148, 161) who are of the opinion that about 60% 
of lithium urate exists as a colloid in the system and the rest as true 
solution, or the colloid appears to be supersaturated uric acid in 
which the uric acid forms an adsorption compound with the alkali. 
Keeser and Zocher (Koll. Chem. Beih., 1923, 17, 189), are of the 
view that these jelly forming urates belong to tHe class of electrolyte 
colloids. In any case, the freshly prepared lithium urate owes its 
high conductivity to the dissolved salt in the supersaturated state. 
As the ageing proceeds, the supersaturated lithium urate is removed 
from the system with the result that the conductivity decreases. 





THE STABILITY OF LITHIUM URATE SOLS 39 


The jellies of lithium urate also appear to belong to the type of 
von Weimarn which are precipitated out from supersaturated solu- 
tions. The jelly is instantly formed and the period of gelation cannot 
be extended to any definite length of time. The 2% sol possesses the 
viscosity almost equal to that of water (0°00810 at 30°) and it does 
not become more viscous to any marked extent during the course of 
ageing or on addition of electrolytes. Thus the sol behaves as lyo- 
phobic one, and its jellies markedly differ from those obtained from 
lyophilic sols, 


CHemicaL LABORATORIES, ; 
UNIVERSITY OF ALLAHABAD. Received December 29, 1932. 








Chemical Examination of the Seeds of Psoralea 
Corylifolia, Linn. Part I. 


By H. S. Jors, B. L. Mansunata anp §. VenxkATA Rao. 


The plant Psoralea corylifolia thrives all over India and its seeds 
have enjoyed an honoured place in Ayurvedic medicine, parti- 
cularly for the treatment of skin diseases, such as leucoderma 
(Nadkarni, ‘‘The Indian Materia Medica,’’ 1927, p. 717 ; Chopra, 
‘Indigenous Drugs of India,’’ 1933, pp. 367-373). The seeds 
contain an essential oil with a persistent odour and are used 
locally in the preparation of certain types of medicated oils and 


incense preparations. 

Menon (J. Soc. Chem. Ind., 1910, 29, 1431) obtained the fatty 
oil from the seeds and determined some of its physical and chemical 
constants. Sen, Chatterjee and Dutta (Chopra, Joc. cit.) in 1923, 
isolated an unsaponifiable oil of the formula C,;H,,0 (b.p. 
180-190/11-15 mm.), a@ yellow acidic compound (C4 9H,;0;,) (?) 
and a methylglucoside. The next chemical investigation was 
carried out by Chopra and Chatterjee (Ind. J. Med. Res., 1927-28, 
15, 49) mainly for purposes of pharmacological study and found 
the essential oil to be the active principle. They recommend 
an oleo-resinous extract for the treatment of skin diseases. The 
present paper contains the results of a detailed analysis of the 
chemical constituents of the seeds. 


Preliminary Examination. 


50 G. of the crushed seeds were extracted successively with the 
following solvents and the extracts were dried at 100°.* 


Petroleum ether (b.p. 40°-60°) 10°95% 
Ethy] ether ‘tie 8°80 
Chloroform 3°70 
Ethyl acetate 3°05 
Alcohol 8°30 


* The above results vary in certain respects from those recorded by Chopra and 
Chatterjee (loc, cit.). 


6 
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The petroleum ether extract was found to consist of a dark 
reddish-brown viscous oil. The ethyl ether extract was composed 
mainly of the resinous constituents to which the colour of the 
seeds may be ascribed. No definite conclusions could be drawn 
regarding the nature of the constituents of the other extracts. 

The seeds were tested with Prollius fluid for alkaloids. ‘The 
results were negative. Alkaloidal assays by standard methods 
also failed to give any indication of the presence of alkaloidal 
constituents in the seeds. When distilled with steam, the seeds 
yielded 0°05% of a pale yellow volatile oil with a strong aromatic 
odour. An aqueous extract of the seeds gave tests for the presence 
of small amounts of reducing sugars and considerable amounts of 
hydrolysable polysaccharides. Starch and tannin were absent. 
Evidence was obtained regarding the presence of an enzyme in the 
seeds, 


The Petroleum Ether Extract. 


A genuine sample of the seeds was obtained from the local bazaar 
and 10 kg. were crushed and extracted with petroleum ether (b.p. 
60-80°) in a large soxhlet. When the solvent was evaporated 1 kg. 
of the oil was obtained. This oil, on standing for a few days, deposited 
a pale yellow crystalline material (2°5% of the oil). The oil was 
decanted and the solid was washed with a small quantity of cold 
petroleum ether and purified. 


The fatty oil thus obtained had the following constants. 


Specific gravity on 0°9692 at 25° 
Refractive index ~_ 1°5132 at 25° 
*Saponification value --- 117°20 
Todine value (Hanus) - «6. 969 
*Acetyl value .- «96°83 
*Acid value a 2? 
Reichert-Meisel value i 1°5 
Insoluble acids (fatty acids and 
resin acids) oe §6©80% 
Unsaponifiable matter > §=$STOY 


* These and other similar values of Highly coloured substances were determined 
by titration in a two phase medium according to a modification of the Albert method 
(Mys. Univ. J., 1930, 4, 241). 
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The oil was saponified with potassium hydroxide. The resulting 
soap, after extraction with ether to obtain the unsaponifiable matter, 
was dissolved in water and acidified with dilute hydrochloric acid, 
when the insoluble acids were liberated. A quantitative estimation 
according to Twitchell’s gravimetric method showed that resin 
acids formed 21°5% of the mixed acids. After the removal of 
the resin acids, the fatty acids were separated into their saturated 
and unsaturated components by Twitchell’s lead salt method (Ind. 
Eng. Chem., 1921, 18, 806). 


The total mixed acids had the following chemical constants. 


Mean mol. wt. ... 9378°6 
Iodine value (Hanus) «» 108°4 


Insoluble fatty acids. -- 18°O% 
Mean mol. wt. of fatty acids «+ 387°0 
Iodine value (Hanus) ve =-196°7 


Saturated fatty acids. .  18°6% of the mixed acids, 
Mean mol. wt. of saturated fatty acids... 294°5 
Iodine value (Hanus) Fn 3°5 


The main bulk of the mixed acids was dissolved in 95% alcohol 
and subjected to the separation of solid and liquid acids according to 
the method of Twitchell, when along with the granular precipitate of 
the lead salts of the solid acids, most of the resin separated as a dark 
brown viscous mass. The granular precipitate was filtered off, 
washed with alcohol and ether and reprecipitated from alcoholic 
solution ; it was thus completely freed from resin. The unsaturated 
acids were recovered from the alcoholic filtrates (mol. wt., 320; 
iodine value, 157°5). 

The unsaturated acids.—The unsaturated acids were very highly 
coloured, possibly owing to the incomplete separation of resin acids. 
They were converted into the methyl esters and the latter distilled 
under reduced pressure (1 mm.), when they passed over between 
168°-177° as apale brown oil.* A portion of the acids liberated 
from this was treated with bromine according to the method of 
Eibner and Muggenthaler (Lewkowitsch, ‘‘ Chemical Technology 


%* The esters were obtained in 5 different fractions whose iodine value gradually 
increased from 120°2 to 147°2, and the mean mol. wt. from 272 to 277 (cf. Jois and 
Manjunath, J. Indian Chem. Soc., 1930, 7, 523). 





44 H. 8. JOIS, B. L. MANJUNATH AND 8S. V. RAO 


and Analysis of Oils, Fats and Waxes’’, 6th Ed. Vol. I, p. 585). A 
small quantity of colourless ether insoluble additive compound 
separated. This melted at 177-78° and dissolved completely in 
benzene and after repeated crystallisations melted at 183°5° and 
proved to be hexabromostearic acid. (Found: Br, 63°4. C;,H3; )02Br, 
requires Br, 63°3 per cent). This indicated the presence of a 
small amount of linolenic acid in the unsaturated acids. From the 
ether soluble additive compounds tetrabromostearic acid (m.p. 113- 
14°) was isolated. 

Another portion of the mixed liquid acids from the methy! esters 
was oxidised by cold dilute alkaline permanganate and from 
the mixture of insoluble hydroxy acids dihydroxystearic acid 
(m.p. 130-31°, mol. wt. 316°4) and _ tetrabydroxystearic acid 
(m.p. 156°, mol. wt. 348°4) were isolated. From the mother 
liquors of the oxidation mixture a small quantity of hexahydroxy- 
stearic acid (m.p, 173°, mol. wt. 381°5) was obtained. 

The above results establish the presence of oleic and linolic acid 
and a small quantity of linolenic acid among the unsaturated acids. 

The saturated acids.—The solid acids, obtained by Twitchell’s 
method of separation were slightly coloured. They were converted 
into the methyl esters (50 g.) and fractionally distilled at 1 mm. 
pressure. 

Mean mol. wt. of 


— Range of Wt. of acids from the 
Fraction No. ‘Temperature. fraction. saponification 


22°80 
4°46 
155—158° l‘lu 
158—162° 4°00 
162—164° 
164—172° 3°45 
172—181° 1°23 
181 —182° 1°69 280°3 
Residue 10°10 362°0 


Pure palmitic acid (m. p. 61°, mol. wt. 257°8) was isolated 
from the first three fractions. Its p-phenylphenacyl ester was 
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prepared according to Drake and Bronitsky (J. Amer. Chem. Soc., 
1930, 52, 3715) and was found to melt at 94°. (Found: C, 80°07; H, 
9°21. C39H490, requires C, 79°95; H, 9 4 per cent). 

From fractions 4 to 7 about 2 g. of pure stearic acid (m.p. 68°4°, 
mol, wt. 285° 1) was isolated. Its p-phenylphenacyl ester melted 
at 97°5°. (Found: C, 80°37; H, 9°71. C39H4,0, requires C, 80°26; 
H, 9°69 per cent). The mother liquors of stearic acid gave a 
fraction melting at 58-59° having the mol. wt. 263, 

The residue (9) was highly coloured. It was saponified and the 
liberated acid was treated with animal charcoal and crystallised from 
95%, alcohol. It melted at 75-76° and had the mol. wt. 368°1. It did 
not depress the m.p. of a pure sample of lignoceric acid from 
another source. Repeated recrystallisations from various solvents 
did not raise the melting point. An attempt to obtain a specimen 
having a higher m.p. by the partial precipitation of the lithium salt 
according to Holde and Godbole (Ber., 1926, 59, 39) was unsuccess- 
ful. Its identity was confirmed by comparing its p-phenylphenacyl 
ester with that of pure lignoceric acid melting at 102°. (Found: C, 
81°14; H, 10°4. C,;,H;,0, requires C, 81°07; H, 10°39 per cent). 

The unsaponifiable matter consisted of a dark brown viscous 
mass and contained principally neutral resin bodies. However, it 
gave the colour reactions of sterols but no pure compound could be 
isolated even by digitonin treatment. 

The crystalline solids deposited on keeping the oil for some time, 
was found to melt at 135° (cf. Chopra and Chatterjee, loc. cit.), 
From this material on repeated crystallisations from dilute alcohol 
a pure compound melting at 162° was isolated as the main constitu- 
ent. This substance was found to have the formula C,,H,0O,. 
[Found: C, 71°01; H, 3°20. M. W. (in benzene by the cryos- 
copic method), 182. C,,H,gO; requires C, 70°94; H, 3°25 per 
cent; M. W., 186). It has been named Psoralen. 

Psoralen is sparingly soluble in cold petroleum ether and ether 
but dissolves readily in alcohol and chloroform, It can be erys- 
tallised in long silky needles from boiling water in which it is slight- 
ly soluble. It is insoluble in cold dilute sodium carbonate or so- 
dium hydroxide, but when heated dissolves readily. The material 
is precipitated unchanged on acidifying. Preliminary investigations 
have indicated that it is possibly a coumaron-coumarin. Further 
work is in progress regarding its constitution and the results will be 


communicated in a subsequent paper. 
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SUMMARY. 


The petroleum ether extract of the seeds of Psoralea corylifolia 
gave a dark reddish-brown oil and acrystalline solid C,, Hg Os 
now named Psoralen, melting at 162°. The oil was found to con- 
tain a considerable amount of resin. The fatty acids obtained from 
the oil were found 4o be principally palmitic, oleic and linolic acids 
together with small amounts of stearic, lignoceric and linolenic 


acids. 


CENTRAL CoLLeGe, BANGALORe. Received December 20, 1932. 





Derivatives of Salicylic Acid. Part IV. Synthesis 
and Constitution of 4-Sulphosalicylic Acid, 


By Narwar Waman HirweE aND MOogINIRAM RAJARAM JAMBHEKAR. 


Of the four possible sulphosalicylic acids, 5-sulphosalicylic acid 
was the only one known for a long time, being the sole product of 
direct sulphonation (Mendius, Annalen, 1857, 108, 45; Remsen, 
ibid., 1875, 179, 107; Hirsch, Ber., 1900, 38, 3239 ; Meldrum and 
Shah, J. Chem. Soc., 1928, 123, 1986). The synthesis of 3-sulpho- 
salicylic acid was worked out by Hirwe (J. Indian Chem, Soc., 1930, 
7, 893). The aim of the present work was to synthesise and confirm 
the constitution of 4-sulphosalicylic acid. 

Since the 4-position in the salicylic acid nucleus is not favoured by 
the directing influences, an indirect synthesis only is possible. 
2-Nitrotoluene-4-sulphonic acid was chosen as the starting substance. 

It was obtained by the (1) nitration of toluene-4-sulphonic acid or 
by the (2) sulphonation of o-nitrotoluene. 

Fichter and Bernoulli (Ber., 1909, 42, 4809) prepared sodium 
2-nitrotoluene-4-sulphonate by the nitration of sodium toluene-4- 
sulphonate with a mixture of nitric and sulphuric acids. They did 
not try to get the free acid. Instead of sulphuric acid we used acetic 
anhydride during nitration and obtained the free acid directly. 

The acid was also prepared by the sulphonation of 2-nitrotoluene 
(Beilstein and Kuhlberg, Annalen, 1870, 155, 27; Kornatzki, 
ibid., 1883, 221, 180). The acid was isolated as potassium salt, 
which was converted into the barium salt from which the free acid 
was liberated in the usual way. 

The compounds produced by both the methods are identical, which 
confirms the constitution as 2-nitrotoluene-4-sulphonic acid. 

4-Sulphosalicylic acid was obtained from the above by first oxi- 
dising the methyl group to carboxyl, then reducing the nitro group 
and finally converting the amino group to hydroxy! in the usual way. 

The position of the sulphonic acid group in the compound is estab- 
lished by its conversion to 8-resorcylic acid (m. p. 208°), when fused 
with caustic potash, 
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__NOz 
so. HE CH, —> 80,H¢ ile 
NH, 


so, ae COOH —> $0, H¢ — 


EXPERIMENTAL. 


2-Nitrotoluene-4-sulphonic acid. Method I.—Toluene-p-sulphonic 
acid (50 g.) was dissolved in acetic anhydride (150 c.c.) and the solu- 
tion cooled in ice. To this cold solution nitric acid (36 c.c., d 
1°41) was slowly added, keeping the temperature below 10°. The 
flask was corked and kept at room temperature for 48 hours, and then 
the mixture was poured in a crystallising basin and kept in a vacuum 
desiccator over alkali to get rid of the excess of nitric acid and the 
acetic anhydride, when a solid was obtained. It was recrystallised 
from a small amount of water as long pale yellow needles. It is 
very hygroscopic and so was kept overnight in an alkali desiccator ; 
m.p. 92° and decomposes at 245°, yield 92 p.c. (Found: N, 
5°61; 8, 12°59; Eq. wt., 262°9. C,H,;0,NS, 2 H,O requires N, 5°53; 
8, 12°64 per cent; Eq. wt., 253°1). 

Method II.—Beilstein and Kuhlberg (loc. cit.) have isolated the 
barium salt, The potassium salt, however, can be easily and con- 
veniently prepared in good yields by potassium chloride solution. 

Potassium 2-nitrotoluene-4-sulphonate was prepared from the acid 
by neutralising with potassium carbonate. It is moderately soluble 
in water, from which it crystallises in greyish white needles. 
(Found: K, 15°30. C;H,0,NSK requires K, 15°51 per cent). The 
composition of the sodium salt (C;H,O;NSNa, H,O) agrees with 
that of Fichter and Bernoulli (loc. cit.) and that of the barium salt 
[C,H, (NO,) SO;],.Ba, 2H,O with that of Beilstein and Kuhlberg 
(lac, cit.). 

Acid potassium 2-nitro-4-3ulphobenzoate.—Potassium-o-nitrotolu- 
ene-p-sulphonate (45 g.) was mixed with a cold concentrated solu- 
tion of potassium permanganate (60 g.) and a cold solution of potas- 
sium hydroxide (25 g.) was added to it. The mixture was shaken from 
time to time and the oxidation was carried out at room temperature, 
which requires about 6 days. Boiling with potassium permanganate 
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(cf. Hart, J. Amer. Chem. Soc., 1879, 1, 352) decomposes a part of 
the substance and affects the yield. On completion of the oxidation 
the mixture was filtered and the filtrate acidified with HCl to get the 
acid potassium salt. It was recrystallised from hot water, in which 
it is easily soluble, as needles. On slow crystallisation it was obtain- 
ed in transparent hexagonal plates. Yield 87 per cent. 

The potassium salt was converted into the neutral barium salt, 
which is difficultly soluble in boiling water, and crystallises from it in 
yellowish grains with two molecules of water of crystallisation, which 
can be completely removed only at 180° under reduced pressure. 

The compositions of the acid potassium salt as well as of the 
neutral barium salt agree with those given by Hart (loc. cit.). 

2-Nitro-4-sulphobenzoic acid was obtained by digesting the 
barium salt with the calculated amount of dilute sulphuric acid. A 
solid was obtained on evaporating the filtrate to dryness. It was 
recrystallised from water as small white needles, m.p. 111°. It is 
very hygroscopic and so was kept in a desiccator over calcium 
chloride overnight and then analysed (Found: N, 4°95; 8, 11°05; 
Eq. wt., 145°8. C;H;0,;NS, 2} H,O requires N, 4°79; S, 10°96 per 
cent; Eq. wt., 146°0). 

Acid dichloride of 2-nitro-4-sulphobenzoic acid, [CgH, (NOg)— 
(SO,Cl) (COCI)] was prepared by heating on a boiling water-bath a 
mixture of acid potassium nitrosulphobenzoate (10 g.) and phos- 
phorus pentachloride (80 g.). The mixture was poured over ice and 
stirred, when a solid was obtained which is very easilly soluble in 
cold benzene. It was recrystallised from benzene in clusters of 
small needles, yield 10 g. It softens at 145° and melts at 160°, 
(Found: N, 4°98; Cl, 24°88; 8S, 11°24. C,H,0,;NCI,S requires 
N, 4°93; Cl, 24°97; S, 11°29 per cent). 

Acid diamide of 2-nitro-4-sulphobenzoic acid.—The dichloride was 
mixed with ammonium hydroxide (d 0°880) and on concentrating a 
solid was obtained. It crystallised from water as white needles, 
m.p. 226°. (Found: N, 17°13; 8, 13°20. C;H;0;N;S requires 
N, 17°14; S, 13°06 per cent). 

Acid monochloride of 2-nitro-4-sulphobenzoic acid,—A solid was 
obtained by shaking the acid dichloride with cold water for 
about 2 hours. It is fairly soluble in boiling benzene and toluene, 
It softens at 192° and decomposes at 202°. If long shaken with 
water it hydrolyses further into nitrosulphobenzoic acid. (Found: 
Cl, 18°45. C;H,O,NCIS requires Cl, 13°38 per cent). 


| 
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4-Sulphonamide-2-nitrobenzoic acid is obtained in two different 
ways viz., (1) by refluxing the diamide (3 g.) for about 4 hours with 
concentrated hydrochloric acid (50 c.c.) and (2) by the action of 
ammonium hydroxide (d 0°880) on the acid monochloride. It erystal- 
ises in needles from water, m.p. 192°. (Found: N, 11°61; 8S, 13°15. 
C,H,0,N2S requires N, 11°39; 8, 13°01 per cent). 

4-Sulphoanthranilic acid.—A free acid was obtained by reducing 
acid potassium 2-nitro-4-sulphobenzoate (10 g.) dissolved in concen- 
trated hydrochloric acid by tin (15 g.). On cooling a solid separates, 
which is dissolved in water and neutralised with sodium carbonate 
solution and filtered. The filtrate gave the sulphoanthranilic acid 
on acidification, yield 7 g. It crystallises as tiny greyish white 
needles from boiling water. It gives a blue fluorescence in very 
dilute solutions. (Found: N, 6°19; 8, 13°82: Eq. wt., 118°1. 
C,H;0,NS, H,O requires N, 5°96; 8S, 13°60 per cent; Eq. 
wt., 117°5). 

Barium 4-sulphoanthranilate is soluble in water and crystallises 
in granules and gives blue fluorescence in dilute solutions. (Found: 
Ba, 88°76. C;H,;0;NSBa requires Ba, 38°92 per cent). 

4-Sulphoanthranilamide was obtained by the reduction of 
monoamide of 2-nitro-4-sulphobenzoic acid with alcoholic ammonium 
sulphide. It crystallises from water in needles, m.p. 227-28° 
and shows a blue fluorescence in dilute solutions. (Found: §, 14°94. 
C;H,0,N,S requires 8, 14°81 per cent). 

1- Carboxry- 2-diazobenzene-4- sulphonate.— 4- Sulphoanthranilic 
acid (30 g.) was suspended in dilute hydrochloric acid and potassium 
nitrite (10 g.) was slowly added. When the addition was complete 
the mixture was cooled to0° and the separated solid filtered and 
washed with ice-cold water. It is a grey white powder decomposing at 
163-64°, yield 24g. (Found: Eq. wt., 2465. C;H,0O;N,S,H,O 
requires Eq. wt., 246°0). 

4-Sulphosalicylic acid.—The above diazo compound was heated 
on a water-bath with dilute hydrochloric acid for a time and the 
solution then evaporated to dryness. The solid was crystallised 


from water in needles with 3 molecules of water of crystalli- 


sation, m, p. 82° (air-dried), It loses 1 molecule of water when 
left over sulphuric acid and melts at 133°. It gives an intense 
violet coloration with ferric chloride. It is hygroscopic and _ its 
deliquescence depends upon the humidity of the atmosphere. 
[Found: (desiccated substance) S, 12°74; Eq. wt., 125°7. 
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C,;H,0,8, 2H,O requires S, 12°60 per cent ; Eq. wt., 127). 
Found : (air-dried substance), S, 11°80 ; Eq. wt., 135°8. C;H,0,5, 
3H,0 requires 8, 11°76 per cent ; Eq. wt., 136°0]. 

Acid sodium 4-sulphosalicylate crystallises from water with 


2 molecules of water of crystallisation. (Found: Na, 8°10; Hg0; 
13°39 ; Eq. wt., 275°8. C;H;0,SNa, 2H,O requires Na, 8°35 ; 
H,O, 13°04 per cent; Eq. wt., 276). 

Acid potassium 4-sulphosalicylate crystallises from water in 
yellow needles, less soluble in water than the sodium salt, (Found: 
K, 15°27. C;H,0,8K requires K, 15°24 per cent). 

Barium 4-sulphosalicylate is'insoluble in cold and difficultly soluble 
in hot water from which it crystallises in pale reddish plates with 
4 molecules of water. (Found: Ba, 32°82 ; H,O, 12°96. C;H,0,- 
SBa, 4H,0 requires Ba, 32°23 ; H,O, 12°71 (with 3H,0) per cent. 
The last molecule of water could not be removed and so the salt after 
the removal of 8 molecules of water was analysed again. (Found: 
Ba, 37°13. C;H,O,gSBa, HgO requires Ba, 36°83 per cent). 

Calcium 4-sulphosalicylate is soluble in water. (Found: Ca, 
10°91. C;H,O,8Ca, 6H,0 requires Ca, 10°99 per cent). 

The position of the sulphonic acid group in the sulphosalicylic 
acid was definitely established by potash fusion of its acid potassium 
salt for 15 minutes at 230-40° in the usual way, when #-resorcylic 
acid, identified by mixed melting point, was obtained. 


Witson COLLEGE AND 
Roya INstiTure oF ScIENCE, Received November 6, 1932. 
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The Influence of Non-electrolytes on the Coagulation of 
Ceric Hydroxide Sol Dialysed to Different Extent. 


By Mata Prasap anv M. V. NaBar. 


It has generally been observed that the coagulating concen- 
tration of ions for a sol decreases in the presence of some non- 
electrolytes and increases in the case of others. The sensitisation 
of sols by non-electrolytes has been observed by Billitzer (Z. 
physikal. Chem., 1908, 45, 312), Freundlich and Rona (Biochem. 
Z., 1917, 81, 87), Weiser (J. Phys. Chem., 1924, 28, 1253), 
Dhar and collaborators and others. 

Desai (Trans. Faraday Soc., 1928, 34, 181), has pointed out 
that the stability of the colloidal thorium hydroxide decreases as 
the sol is continuously dialysed. The sensitisation or the protection of 
the colloid by the non-electrolytes will, therefore, be more prominent 
as the sol becomes purer. Patel and Desai (Kolloid Z., 1930, 61, 
318) have found that the sensitising influence of alcohols, acetone, 
urea and sugars increases with the progress of the dialysis of the 
thorium hydroxide sol and that a pure sol can be coagulated by 
non-electrolytes alone. In this investigation the influence of non- 
electrolytes on the coagulation of ceric hydroxide sol by electrolytes 
has been studied and the effect of the dialysis of the sol on such an 
influence has also been examined. 


EXPERIMENTAL. 


5 C.c. of the colloid were taken in a test tube and in another 
a solution of NaCl, made up to 7 c.c. by adding distilled water, 
of such concentration as to completely coagulate the sol in 30-40 
minutes. The contents of the two test tubes were mixed together 
a fixed number of times and the time of mixing was noted. The 
coagulation velocity of the sol was followed by the thermopile 
method. 

Next, the same amount of NaCl as used in the previous experi- 
ments was made up to 7 c.c. by adding different volumes of non- 
electrolytes and water. This was mixed (the mode of mixing being 
the same as used in the previous experiment) with 5 c. c. of the 
sol and the coagulation velocity was followed in the same manner 3s 
before. 





54 - M. PRASAD AND M. V. NABAR 


The non-electrolytes used were methyl, propyl and amy! alcohols, 
and solutions of glucose and sucrose. Merck’s extra pure alcohols 
were further purified by refluxing and distilling over metallic cal- 
cium. Sugars used were Merck’s extra pure chemicals. The 
sol was prepared and dialysed in the same way as described in the 
previous paper (J. Indian Chem. Soc., 1932, 9, 609). 

The deflection differences were plotted against time and the 
curves obtained for the coagulation of the sol dialysed for two days 
in the presence of alcohols and sugars are shown in Figs. 1 and 2 


Fig. 1. 


Sol dialysed for 2 days. 
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A—1 c. c. CH;0H ; B—1 c.c. C;H7;0H ; 
C—1 c. ce. CsH,,0H ; D—NaCl. 


respectively. The inclination of the curves in Fig. 1 shows that the 
addition of alcohols to a solution of sodium chloride increases the 
coagulation velocity of the sol and this effect increases as the amount 
of alcohol is increased. ‘he order of the effectiveness of the alcohol 
is CH,0H > C,;H;OH > C,;H,,0OH, the same as observed by 
Mukherjee and collaborators (J. Indian Chem. Soc., 1928, 5, 697). 

The coagulation velocity curves with the same amount of alcohol 
for sol dialysed for 10 days are steeper than those for the sol dialysed 
for 6 days. This shows that the sensitising action of the alcohols 
on the sol becomes more pronounced as it becomes purer. 
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It was also observed that the sol dialysed for 10 and 16 days 
could be coagulated by alcohols alone, the amount of alcohol 
required for the same volume of the latter sample was smaller than 
that for the former. On the addition of alcohol to these samples, the 
sol either coagulated immediately, or did not coagulate at all, if the 
quantity of alcohol added was insufficient, but no slow coagulation 
was observed. 

Fic, 2. 


Sol dialysed for 2 days. 


Deflection difference. 








Time. 
A and A’—1 c. c. and 0°6 c. c. of M/10-glucose ; 


B and B’—1 c. c. and 0°5 c. c. of M/10-sucrose ; 
D—NaCl. 


Fig. 2 shows that sugars exert a protective action on the sol. 
These results do not support the observation of Patel and Desai 
(loc. cit.) who find that sugars sensitise the thorium hydroxide sol. 
The protecting influence of sugars on ceric hydroxide sol increases 
with the progress of dialysis of the sol and with an increase in the 
amount of sugar added to the sol. The sol dialysed for different 
days could be coagulated by the same amount of the sodium 
chloride in the presence of the same amount of glucose but the 
protection is greater as the sol gets purer. But if the amount of 
cane sugar added to the sol dialysed for 2 days is mixed with the 
sol dialysed for 6 and 10 days, no coagulation with the same amount 
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of sodium chloride takes place. This observation and the curves in 
Fig. 2 show that cane sugar is a better protective agent than 
glucose, probably because of the greater number of hydroxyl groups 
contained in it. 

The sensitising action of alcohols cannot be explained by the 
diminution in the adsorption of the coagulating ion by the ceric 
hydroxide particles is suggested by Weiser (loc. cif.) as in that 
case the slow coagulation will be observed and coagulation velocity 
curves may be ‘S’ shaped. But as the sensitising effect of the 
alcohols increases as the sol gets purer, the second view of Weiser 
(loc, cit.) that the non-eletrolytes displace the stabilising ion from 
the colloidal particles may apply to this case. 

Also the addition of alcohols to the sol lowers its dielectric 
constant and decreases the density of charge on the colloidal 
particles. Hence the increased rate of coagulation of the sol by 
mixtures of alcohols and sodium chloride than by sodium chloride 
alone may be due to the fall in the potential of the particles. The 
steepness of the coagulation velocity curves is, however, further 
increased as the sol is dialysed and the potential of the particles is 
lowered due to the removal of the stablising ions. When the sol 


gets almost pure, the potential of the colloidal particles is fairly low 
and the addition of alcohol alone causes a further lowering and there- 
fore the coagulation of the colloid. 

The protecting action of the sugars in ceric hydroxide sol may, 
however, be due to the well known peptising influence of sugars. 


SuMMARY. 


(1) The coagulation velocity of ceric hydroxide sol has been 
studied with a mixture of an electrolyte and non-electrolyte with 
progress of dialysis. 

(2) It is found that alcohols sensitise the sol while sugars protect 
it. The order of the effect of alcohols in their sensitising action 
is CH,OH > C,H;,OH > C;H,,0H. 

(3) Cane sugar acts as a better protecting agent than glucose. 

(4) As the sol gets purer and purer, the sensitising action of 
the alcohols and the protective action of sugars also increase. 


CHEMICAL LABORATORY, 
Roya INSTITUTE OF ScIENCE, Received December 20, 1932. 
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A Note on the Minimal Critical Pressure of Explosions. 
By K. 8. Gururasa Doss. 


In order to explain the variation of the minimal critical pressure 
with temperature, Semenoff (Z. Physil:, 1928, 48, 571 ; Chem. Rev., 
1929, p. 347 ; Taylor, ‘‘A Treatise on Physical Chemistry’’ p. 101‘) 
has proposed two theories. It is attempted in this paper to point 
out an error that has crept in the development of the first theory 
and to show the relationship between the two theories. 

In his first theory, Semenoff derives the marginal condition for an 
explosion the relation : 


e ~E/RT, a 


=K(T.—-T,))=B. ny ne eee (I) 


where 7, =the temperature of the walls, 7,=the temperature of the 
reaction mixture, E =the energy of activation, R=the gas constant, 
K, B=constants, n;,%,:=the concentrations of the reactants and 
a, b...=the numbers corresponding to the orders of the reaction with 
reference to the reactants. 


From this equation semenoff derives, 
RT 
T,=T, (1- . = ) 


which is incorrect. The correct expression for Tg is 


T,= - fis ‘/ 1-4 it } (2) 


which gives, on taking the minus sign, T.=T, (1 + Aho ) to a 


close approximation. This means that T, pl To a8 RT, is small as 
compared with Z It can be so only if the heat of the reaction is 
small. As the explosive reactions are usually highly exothermic, this 


8 
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sulution for equation (2) has to be discarded. Taking the positive 
solution, we get, 


to a close approximation. 
Substituting the value of T, in equation (1) and setting 


n,=a ieee are ;Ng=B no. 
T, 760 


where ”,) =the total pressure at S.T.P. 
and a, 8...=the mole fractions of the different reactants, and taking 


logarithms of both sides, we get, 


2 73\at+b+... R 
+b+...) ln p=—In< B a* £”... a... 7 
(a+b oP 5 “F (nossa ) zt 


-— ”) 





constant 
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practically constant negligible 


Thus P=a constant. 

So, on the basis of the first theory, the minimal critical pressure 
must be independent of temperature (the incorrect expression leads 
to the conclusion that the minimal critical pressure is related to the 
temperature by the equation/nP=A+ B/RT, where A and B are 
some constants). 

This also becomes evident by a consideration of the relationship 
between the two theories. In the first theory the temperature equili- 
brium is assumed to take place. In the marginal state 


To= ao mre} or rT, 2 = as RT, is small. 


Let us interpret in terms of the second theory. The heat of the 
reaction which has occurred so far is large enough to raise the tem- 
perature of the whole mixture to such a degree as to have a molecule 





MINIMAL CRITICAL PRESSURE OF EXPLOSIONS 59 


possessing average energy in the activated state. At this stage U, 
the minimum energy that is expected of a reactant molecule to 
get activated by a collision of the second kind with the product mole- 
cule, is very small as compared with RT ; hence in the equation 
(derived on the basis of the second theory) 


re ae - 
mP=A+ aRT’ ¥° 82 put ap 0 Hence, we get, P=a constant. 


Thus a ‘thermal’ explosion (as pictured in the first theory) corres- 
ponds to a “‘chain’’ explosion (as envisaged in the second theory) 
with a low value for U. 


SUMMARY. 


An error in the development of the first theory of Semenoff is 
pointed out. 


DEPARTMENT OF CHEMISTRY, 
CENTRAL COLLEGE, BANGALORE. Received November 22, 1932. 

















Studies in the Coagulation of Colloids from the 
Standpoint of Smoluchowski’s Theory. 
Part IV. Variation of the Surface 
Tension during the Coagulation 
of the Manganese Dioxide Sol. 


By Suripgar SARVOTTAM JOSHI AND AVADH NARAYAN LAL. 


It was observed in Part II (J. Indian Chem. Soc., 1931, 8, 877) 
and Part III (ibid., 1982, 9, 157) of this series, that in the slow 
coagulation of the arsenious sulphide sol by dilute sulphuric acid, 
the departure from the requirements of Smoluchowski’s theory (as 
shown by the diminution in 8) occurred in all the cases, examined 
during the initial stages of coagulation. In view of its unexpected 
character, it was thought desirable to investigate the above conclu- 
sion employing a method of measuring coagulation, different from 
that used previously (loc. cit.). 


EXPERIMENTAL, 


The manganese dioxide sol was prepared by Cuy’s method (J. 
Phys. Chem., 1921, 25, 415; also cf. Joshi and Narayan, J. 
Indian Chem. Soc., 1930, 17, 883) and stocked in well cleaned 
silica vessels. The sol contained a small amount of potassium 
hydroxide which was found tobe necessary for its stability. The 
colloid content of the sol was determined by treating a known volume 
of the sol with a known volume of standard oxalic acid solution, 
acidified with dilute sulphuric acid. The progress of the coagula- 
tion was followed by measuring the surface tension of the coagula- 
ting sol by means of a stalagmometer. Thesol wasso dilute that 
its density was found to be practically the same as that of water. 
The values of the surface tension of the sol, relative to that of 
water taken as unity, were obtained, therefore, from a knowledge of 
the significant drop numbers only. Coagulations were also studied 
when suitable amounts of solutions of sodium oleate and of sugar 
were added to the sol, before the addition of the coagulator solution. 
Two principal series of coagulation were studied. In the first, 
KCl in different concentrations was the coagulator; in the other 
BaCl, was used. In any given series, to a fixed volume of the sol, 
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varying amount in c. c. of the coagulator solution of a definite 
concentration and such amounts of water were added so that the 
volume of the coagulating mixture was always constant. These values 
for any given coagulation are cited in reference to the correspond- 
ing coagulation-time curve in Figs. 1—7. The concentrations of the 
protector, the coagulator solution, and of the colloid shown in the 
following results refer to their values before mixing for coagulation. 
The colloid concentration was 0°87 g. MnO, per litre in all these 
cases (that is, in Figs. 1—3, and 6, 7). Figs. 4 and 5 refer to 
coagulations by BaCl, and KC! respectively of a sol containing 
0°695 g. MnOg per litre. The mode of getting the 8-time curves in 
Figs. 4—6 and of data in Tables I—V is explained later. 


DISscussIoN. 


These results show that except when sodium oleate was added 
(cf. Fig 7, curves 1, 2) the surface tension of the coagulating sol 


Fie, 1. 


Coagulation by KCI (0°87 g. MnO, per litre). 
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Coagulation time in hr. 


Curve 1—20 c. c. of the sol+4 c. c. M/1000-BaClg. 
Curve 2— ,, » +2 c.c. x » + 2c.c. HO. 
Curve 3— ,, » tle.e. * » + lec. HO. 
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diminishes continuously during the progress of coagulation (cf. Figs. 
1—3; curves A, B, in Fig. 4 and curves C, D in Fig. 5). The greater 
coagulating power of BaCl, than KCl is clearly brought out by com- 
paring the curves in Figs. 1 and 2. A comparison of curves in Figs. 
2 and 3 shows that the influence of the addition of sugar is not appre- 
ciable on the progress of the coagulation of the sol. In view of the 
usual (though not invariable) relationship between the adsorbability 
of a substance and its influence as a coagulant, it is interesting in this 
case to observe that Bhatnagar, Shrivastavy and Gupta (Kolloid Z., 
1925, 37, 101) observed that sugar is not adsorbed sensibly by man- 
ganese dioxide. 


Fie. 2. 


Coagulation by BaCl, (0°87g. MnOg per litre). 
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Curve 1—20 c. c. sol+4 c.c. M/1000-KCl + 0°c. c. 
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Fic. 3. 


Coagulation by BaCl, in presence of sugar (0°87g. MnOg per litre). 
1°0425 


Relative surface tension. 


2 4 6 
Coagulation time in hr. 


Curve 1—20 c.c. sol. +4 ¢.c sugar soln. +4 c.c. M/-1000 BaClg. 
Curve 2— ” » ¢ ” + 2 +2 c.c. H,O 
Curve 3 ” » + ” +1 +3 ” 


Sugar soln. (5°5 g. in 100 e. c.) 

In the previous papers in this series results are given of the appli- 
cation of Smoluchowski’s theory to the coagulations of colloid anti- 
mony sulphide (Part I, J. Indian Chem. Soc., 1981, 8, 11), and of 
arsenious sulphide (Part II, loc. cit., Part III, loc. cit.). The follow- 
ing equation was used (Part I) 


g=+[ af *olm: -1] its a (i) 


nm, and n, denote here the number of primaries at time, t=0, and 

=t, respectively. The quantity n,, the number of primaries in the 
system diminishes with the progress of coagulation. It is now 
assumed that n, at any given time during coagulation is proportional 
to the reciprocal of the surface tension of the coagulating sol. The 
quantity n,/n, is thus obtained, and 8 can therefore be calculated 
from (i), curves a, b in Fig. 4, curves c, din Fig. 5 and Fig. 6 
show the variation of 8 during the various coagulations. 
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Fic. 4. Coagulation by BaCl, (0°695 g. MnO, per litre). 


10210 


Relative surface tension. 


1°0000 
0°00005 
0 1 2 3 4 5 
Coagulation time in hr. 
Curve A—20 c.c. sol + 4 0¢.c. N/1000-BaCl, 
Curve B— ,, » +2 *” » + 2¢c. H,0 
Curves a and b show variation of 8 during coagulation. 


Fie. 5. Coagulation by KCl (0°695g. MnO, per litre). 


1°0210 


Relative surface tension . 


0 1 2 3 4 
Coagulation time in hr. 
Curve c—20c. c. sol+4 cc. c. N/1000-KCl 
Curve d-,, «oe a » +2c.c. HgO 
Curves c, and d; show variation of 8 corresponding to c and d, 
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Fia. 6. 
Time variation of 8 in expts. Figs. 1—3. 
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Curves are marked and numbered similarly to the corresponding coagulation- 
time curves in Figs. 1—3. 
It is known that in general and contrary to the requirements of 
Smoluchowski’s theory, the constant 8 diminishes with time in the 
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region of slow coagulation. Mukherjee and Mazumdar (J. Chem. 
Soc., 1924, 125, 785) and others have tested the following equation 
deduced from Smoluchowski’s theory. 

sn,=MNo/(1+Bt) ... a pis — & 
where =n, denotes the total number of particles at a time during 
coagulation. It follows from this equation that starting with different 
samples of a given sol (ng =constant) in coagulations due to different 
coagulators, the relative times t,/T, to/T, t,/T etc., corres- 
ponding to the same stage of coagulation, will be constant, that is, 
independent of the actual stage of coagulation, in the different series 
examined. A stage of coagulation is usually considered to be 
characterised by the value of some property such as the relative 
opacity etc., which has been found to vary continuously during the 
progress of coagulation. The last named and other workers have 
found that in slow coagulation t,/T etc., is more constant, and that 
therefore the above theory is more followed, during the initial stages 
of coagulation than afterwards. This conclusion is contrary to the 
foregoing results showing the diminution of @ during the different 
series of coagulation, calculated from equation (i). Essentially 
similar results were obtained previously (cf. Parts I—III, loc. cit.), the 
degree of coagulation being determined by a method different from 
that adopted in this work. It is interesting in this connection to 
examine Anderson’s results on the slow coagulation of gold sols 
(Trans. Faraday Soc., 1924, 19, 623); 8 was calculated from equation 
(i). These data show (Anderson does not however so state) that the 
diminution of 8 during slow coagulation is similar to what we have 
observed. 

Equations (i) and (ii) being but deductions from the same theory, 
this contrariety between the two sets of results not noticed hitherto, 
is anomalous. This might, in a great measure, be due to the 
assumptions implied in estimating », and =n, involved in equations 
(i) and (ii) respectively. It is important to emphasise here that 
especially in the case of polydisperse colloids, no method is available 
for measuring the degree of coagulation with the exception perhaps 
of the ultramicroscopic method. Deduction of the constancy of t, /T 
from equation (ii) implies that a property like relative opacity is pro- 
portional to Sn or at least is a single valued function of an, . We 


have no means of examining the limits of the accuracy of this 
assumption. Likewise use of equation (i) necessitates some supposi- 





68 - §. 8. JOSHI AND A. N. LAL 


tion in respect of n,. We have assumed in calculating the foregoing 
results that » is proportional to the reciprocal of the surface tension 
of the coagulating sol. It might with equal justification be assumed 
that the last quantity is proportional to =n,, since there is no a priori 
criterion in selecting any property as a quantitative index of the 
state of coagulation of a given sol. It is of interest therefore to 


Fig. 7. 


Coagulation by KCl in presence of sodium oleate. 
1°0261 


1°0174 
20 c.c. sol. + 2 cc. 
Na-oleate (0°002g. 
1 0087 in 100 c.c.) + 
8 ec. M/1000- 
KCl. 
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examine the data (cf. Tables I—V) for t/T calculated on the last 
assumption, for the foregoing series of coagulations. It is seen from 
these results that in the majority of cases t/T is comparatively more 
constant during the early stages of coagulation than afterwards. It 
follows from these findings, therefore, that no deductionas regards the 
applicability of Smoluchowski’s theory to a given region of coagula- 
tion is valid, unless we have more quantitative knowledge of the 
property used for following coagulation, as a function of n, and Sn,. 
A fuller examination of this point will appear in a later communica- 
tion, 

One of the main difficulties in this work was that coagulation 
produced but small variation in the property used for following its 
course, viz., surface tension, ‘This together with the time of observa- 
tion required in this method rendered the examination difficult 
especially of the initial stages in enough detail. It was thought 
therefore to increase the duration of the coagulation by introducing 
small amounts of a protector like sodium oleate, which would reduce 
the cogulation rate. It was found, however, that the relation between 
surface tension and the stage of coagulation is almost completely 
altered by but small changes in the concentration of the protector. 
Only three of the coaguation-time curves obtained in the course of 
these experiments have been given (Fig. 7) which serve to illustrate 
the effect just mentioned. In this connection it is of interest to 
mention the work of Anderson (loc, cit.) on the rapid coagulation of 
gold sols. Anderson added glycerol (which is a well known protector) 
to his sol in order to reduce the coagulation rate to a measurable 
value without changing the type of coagulation. In view of the results 
now discussed, it is obvious that the use of this artifice can only 
follow on testing whether the course of coagulation is materially 
disturbed by the addition of the protector. 


Taste I (ef. Fig. 1). 
36’ 


84’ 
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TaBLe II (cf. Fig. 2). 


36’ 


TaBLe III (cf, Fig. 3). 
24’ 36’ 4u’ 
60’ j 90’ 
108’ 52’ 180’ 
2°5 


4°5 


TaBLE IV (cf. Fig. 4). 
12 15’ 33’ 
36’ 51’ 72’ 


4°0 3°4 21 


Taste V (ef. Fig. 5). 
T i 30’ 60’ 90’ 
ty eee 60’ 96’ 135’ 


A/T . 2 20 16 15 


T, t,, tg, ete. are times in minutes read off from curves in the cor- 


responding Figures. 
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Thioketonic Esters. Part II. 
By Susit Komar Mitra. 


The method of the synthesis of thioketonic esters by the action 
of alcoholic potassium hydrosulphide on the corresponding unsatu- 
rated chloro-ester is not satisfactory as the yield is small due to loss 
of H,S. In the preparation of ethy! thioacetoacetate (J. Indian 
Chem. Soc., 1931, 8, 471) by this method, the main product is a 
heavy oil boiling at 155°/15 mm. The high boiling liquid is given 
the formula C;2H,,0,8 from its molecular weight determination 
and has probably the following constitution as suggested by consi- 
derations given below. 

CH, CH, 

| | 

Cc—— 8 — C 
ll I 
CH CH 
booc,H, boocgH, 


(1) It does not give any lead salt, gives no coloration with ferric 
chloride and does not decolourise alcoholic solution of iodine, hence 
the absence of a thiol group. 

(2) Its inertness towards phenylhydrazine shows the absence of 
a thioketonic group. 

(3) On treating it with alcoholic potash in the cold and acidifying 
a dark red oil is obtained which on esterification gives a considerable 
quantity of ethyl thioacetoacetate. 


CH, CH, CH; CH, CH, 
l | KOH | GH,OH | 

Cc —-sS— Cc — cCSkK — C—-SH==Cs 

Il ll II Hcl II 

CH CH CH CH CH, 


| | 
COOCsH, COOC,H, COOK COOC,H,  COOU™H,; 


Pure ethy] thioacetoacetate on boiling with alcoholic hydrochloric 
acid or traces of piperidine is converted into this product with 
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evolution of sulphuretted hydrogen. This fact naturally suggests 
the formation of the compound in the method already described to 
be due to unreacted potassium hydrosulphide; the effect of which is 
most probably like piperidine on ethyl thioacetoacetate, The yield 
of ethyl thioacetoacetate is increased by adding alcoholic solution of 
potassium hydrosulphide (KSH absolutely free from KOH) over 
benzene solution of ethyl chlorocrotonate. 

Thioketonic esters, ¢.g., ethyl thioacetoacetate, ethyl thioacetone 
dicarboxylate have now been prepared in good yield without the for- 
mation of any by-product by passing H.S into an alcoholic solution of 
the 8 ketonic esters, saturated with HCl gas. The reaction evidently 
takes place in the enol phase as otherwise polymerised products would 
result as suggested by Fromm and his collaborators (Ber., 1889, 22, 
2600; 1891, 24, 1457; et seq.). The thioketonic esters are purified 
by the decomposition of their lead salts in alcoholic suspension 
with H.S. 

Ethyl thiocetone dicarboxylate forms sodium derivative and the 
alkyl derivatives have been prepared by means of alkyl iodides in 
alcoholic sodium ethoxide diluted with benzene. The alkylated 
products are S-ethers; they do not form any lead salt; do not 
decolourise iodine nor give any coloration with ferric chloride and 
do not evolve H,S on treatment with phenylhydrazine. ‘he sodium 


derivative has evidently structure C—SNa and that C:S group can 
II 
impart negative character to the methylene group in close proximity 


becomes conclusive. 


EXPERIMENTAL. 


Ethyl thioacetoacetate from ethyl chlorocrotonate. (Modified me- 
thod).—(A) An alcoholic solution of potassium hydrosulphide (24 g.), 
prepared by passing H»S over balls of potassium in ether suspension, 
is added drop by drop into a benzene solution of ethyl chlorocrotonate 
(50 g.) at 48-50°, the solution being mechanically stirred. The 
benzene solution is washed with water and dehydrated. The oil 
obtained after removal of benzene, gives with freshly precipitated lead 
oxide yellow lead salt of ethy!] thioacetoacetate. Pure ethyl thioaceto- 
acetate is obtained by decomposing the lead salt in alcoholic 
suspension with HS, b. p. 75-80°/12 mm. Pyrazolone, m. p. 127°. 


Yield 50%. 
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Ethyl -thiodicrotonate is obtained as a by-product in the 
preparation of ethylthioacetoacetate by means of alcoholic potassium 
hydrosulphide obtained either from caustic potash or from metallic 
potassium, even if the reaction is performed in benzene solution. 
The alcoholic wash of the lead salt is diluted with water and 
extracted with ether. The ethereal solution on dehydration is 
distilled in vacuum, when ethy] thiodicrotonate distils at 155°/15 mm. 
(Found: C, 55° ; H, 72; S, 121; M. W., 254 (eryoscopic in 
benzene). C,9H,,0,8 requires C, 55°83; H, 69; 8S, 12°4 per 
cent; M. W., 258). The identical compound can also be obtained 
by boiling on water-bath an alcoholic solution of ethyl thioaceto- 
acetate containing 1% HCl or trace of piperidine, till evolution of 
H.S ceases. Yield 50%. 

Ethyl thioacetoacetate can be obtained from this ester. The 
ester (50 g.) is dissolved in alcoholic potash (40 g. in 200 c¢.c.) in 
the cold and the red solution, on keeping for 2 days is acidi- 
fied. ‘I'he dark liquid, obtained after cxtraction with ether and 
dehydration over calcium chloride, is dissolved in alcohol (200 c.c.), 
the solution saturated with HU! at 0° and the ester formed is iso- 
lated in the usual manner. It is finally purified through lead salt and 
pure ethyl thioacetoacetate obtained in an yield of 10 g. 

(B) From ethyl acctoacctate, H,S gas is slowly passed into a 
solution of ethyl acetoacetate (100 g.) in alcohol (150 ¢.c.) saturated 
with HCl gas at 0°. On standing for 10 hours, crushed ice (2 lbs.) 
is poured into the solution, the ester extracted with ether, the ethe- 
real solution washed with dilute sodium carbonate and the ether 
evaporated off. The rose-red oil is dissolved in rectified spirit and 
the solution added in thin stream over freshly precipitated lead 
oxide at 0° with vigorous stirring and the lead salt decomposed with 
H,8 in alcoholic suspension and the ester extracted with ether and 
distilled in vacuum at 75-80°/12 mm, yield 85%. It forms with 
phenylhydrazine the pyrazolone (m.p. 127°) described previously 
(J. Indian Chem. Soc., 1931, 8, 471). 

Ethyl thioacetone dicarbozylate is obtained by passing H,S_ gas 
for 8 hours into an alcoholic solution of ethyl acetone dicarboxylate 
(50 g. in 100 c.c.), saturated with HCl. The solution is treated with 
ice, the ester extracted with benzene and the benzene layer 
washed with dilute sodium carbonate and the benzene removed 
under reduced pressure. It is finally purified by preparing the lead 
salt as in the previous case and decomposing it with H,S. Yield 75%. 
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It is a rose-red sweet-smelling oil, decomposing at 128°/15 mm. 
with evolution of H,S producing an oil which does not con- 
tain sulphur. It decolourises iodine, produces green coloration 
with FeCl; and evolves H,S very energetically with phenylhydrazine. 
(Found: C, 49°4 ; H, 6°8; 8, 14°5. C,yH,,0,8 requires C, 49°5 ; H, 
6°4 ; 8, 14°6 per cent). 

Propyl thioacetone dicarborylic ethyl ester.—Ethy! thioacetone 
dicarboxylate (10 g.) is dissolved in the cold in alcohol (80 c.c.) con- 
taining sodium (1 g.) and treated with propyl! iodide (9 g.) and ben- 
zene (30 c.c.). The solution on keeping over night is heated on the 
water-bath for 4 hours. The oil which separates on adding water is 
extracted with benzene and the solution dehydrated and distilled in 
vacuum and the ester collected at 220°/30 mm. (Found: C, 55°2 ; 
H, 8°3 ; 8, 11°97. C,gHg.0,5 requires C, 55°3 ;H, 7°7; 8S, 12°3 
per cent). 

Ethyl thioacetone dicarborylic ethyl ester is obtained by the 
interaction of ethyl bromide with ethyl thioacetone dicarboxylate 
as above. It boils at 175°/17 mm. (Found: C, 53°3; H, 7°7; 5S, 
12°7. C,,H,,0,8 requires C, 53°6 ; H, 7°3; 8, 13°0 per cent). 

The alkylated esters are colourless liquids possessing garlic odour. 


They are very stable and can be even boiled under atmospheric 
pressure with slight decomposition. 

In conclusion I wish toconvey my grateful thanks to Sir P.C. 
Ray for the kind interest he took in course of the investigation. 
Also I wish to express my indebtedness to Dr. P. B. Sircar for his 
valuable suggestion to estimate sulphur by the method of H. Ter 
Meulen (Rec. Trav. Chim., 1922, 41, 112). 


Patit Prortssor’s Lasoratory, 
University CoLLece or Science, 
CALCUTTA. 


Received September 3, 1932. 





Thioketonic Esters. Part III. Alkylation of Ethyl 
Thioacetoacetate. 


By Prarutta CHanpra RAy, Susir Kumar Mirra 
AND NRIPENDRA NATH GHOSH. 


Ethyl thioacetoacetate was suitably alkylated by the action of 
alkyl halides on its sodium derivative obtained by the action of the 
ester over metallic sodium in benzene suspension. The following 
derivatives were prepared by the action of the corresponding halides 
on the sodium derivative of ethyl! thioacetoacetate : 

Ethyl! 8-ethylmercaptocrotonate (b.p. 114-17°/15 mm.) 

Ethy! 8-n-propylmercaptocrotonate (b.p. 117-20°/15 mm.) 

Ethy! 8-n-amylmercaptocrotonate (126-28°/15 mm.) 

Ethyl! 8-benzylmercaptocrotonate (m.p. 68, b. p. 155-60°/15mm.) 
Ethyl! 8-(benzoylmethyl)-mercaptocrotonate (m.p. 85°). 

On treatment with phenylhydrazine, these compounds do not 
give sulphuretted hydrogen under ordinary conditions, thus 
showing the absence of a free thioketonic group in them. On treat- 
ment with phenylhydrazine at its boiling point, however, they 
evolve mercaptans and a considerable quantity of dehydropyrazolone 
is obtained. The reaction can evidently be represented as 
follows :— 

CH, CH, 


| 
CSR + H,NHNPh —> C:’NH‘NHPh 
ll ll 
CHCO,Et CHCO,Et 


CH, CH, 


| 
—> C——NH > OoO=—N 
NSN Ph | Sn 
I P 
/ fn 
CH——cO CH,'CO 
CH, 


| 

C__N 
H,C'°C=N \ 
af Swen | NP 
cH,—cZ__c——¢o 
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This constitution of the ethers was further supported by the fact 
that it decolourised bromine water. They did not give any lead 
salt thus showing the absence of a free thiol group in them. In 
the formation of S-ethers, ethy! thioacetoacetate differs from ethyl 
acetoacetate which forms mainly C-derivatives under ordinary 
conditions. The action of reducing agents gave rise to mercaptans, 
thus showing that the alkyl groups are linked to the sulphur 
atom. 

On boiling these compounds with dilute acids, the degradation 
products were found to be acetone and the corresponding mercaptans. 
The reaction seems to take place as follows :— 


CH, CH; CH, 
| H,O | H,0 | 
C’SR —> COH +RSH — CO + CO, + C,H.OH 


Il II 
CHCO,Et CHCO,Et CH, 


The behaviour of ethyl 8-thiodicrotonate towards alcoholic 
potash (cf. J. Indian Chem. Soc., 1933, 10, 71) in conjunction 
with the results obtained by boiling the alkylated products 
with dilute acids leads us to conclude that although these 
alkyl derivatives of the esters are similar in structure to alkyl 
sulphide, they differ from the latter in being more sensitive 
to chemical reagents than the alkyl sulphides. Evidently the 
sulphur atom is under some influence to which this increased labile 
nature can be attributed. 

These alkyl derivatives are found to distil under reduced pres- 
sure through a long range of temperature, but analytical data of the 
lowest and the highest boiling fractions were found to be identical. 
This may be ascribed to the presence of geometrical isomers of the 
products. ‘This inference was found to be correct on an examination 
of the acid obtained by careful hydrolysis of the ethyl derivative 
by means of alcoholic potash. This acid was found to melt at 86° 
whereas its cis- and trans-forms, (obtained by the action of the 
sodium salt of ethyl mercaptans on cis- and trans-chlorocrotonic 
acids (Annalen, 1889, 254, 234; Ber., 1899, 32, 2806) melt at 112° 
and 92° respectively. The acid was probably a mixture of these 


two isomers. 
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The following acids were obtained under identical conditions: 
(1) 8-Ethylmercaptocrotonic acid (m.p. 85°). (2) 8-n-Propyl- 
mercaptocrotonic acid (m.p. 70°). (3) 8-Benzylmercaptocrotonic 
acid (m.p. 134°). 

The free acid from ethyl f-thiodicrotonate could not be 
isolated under similar conditions (cf. J. Indian Chem. Soc.. 
1933, 10,71. This compound is evidently more sensitive to part 
with sulphur than the alky! derivatives mentioned above. 


EXPERIMENTAL. 


Ethyl B-ethylmercaptocrotonate.—Ethyl thioacetoacetate (30 g.), 
diluted with benzene, was treated with metallic sodium (6 g.) in 
benzene suspension. During the treatment (3 hours) the reaction 
flask was cooled in ice-water with constant shaking and the whole 
was kept for 2 hours. Ethyl iodide (34 g.) was added to sodium 
derivative of the ester and the whole was refluxed on a water-bath 
for 7 hours. The product was then extracted with benzene ; the 
extract after drying over calcium chloride was made free from 
benzene and subjected to vacuum distillation. The fractions bet- 
ween (i) 72°-73° (ii) 7°-114° and (iii) 114°-117° under 15 mm. 
pressure were collected. [Found: (i) C, 5502; H, 8°57 ;8, 18; 
(iii) C, 55°0 ; H, 81; S, 18°02; M.W., 170°2. CyH,,008 requires 
}, 56°1; H, 8°1 ; S, 18°36 per cent; M.W., 174). 

Ethyl 8-n-propylmercaptocrotonate.—Ethy| thioacetoacetate (30g.) 
was treated with sodium (5 g.) as before and the sodium derivative 
was then refluxed with n- propyl iodide (88 g.) on a water-bath for 
7 hours. The product was then isolated as in the previous case 
and distilled in vacuum. The fraction between 117°-120°/15 mm. 
was collected. (Found: C, 56°7; H. 94; 8, 16°71; M.W., 
189°9. C,yH,,0.8 requires C, 57°4 ; H, 9°0; S, 17°0 per cent; 
M.W., 188). 

Ethyl 8-n-amylmercaptocrotonate.—Ethyl thioacetoacetate (30g.) 
was treated with sodium (5g.) as before and the product was 
refluxed with n-amyl iodide ona water-bath for 7 hours. On 
distillation under 15 mm. pressure, the fraction between 126-28° 
was collected. (Found: S, 14°58. C,;,;Hg 028 requires 8, 14°82 per 
cent). 

Ethyl 8-benzylmercaptocrotonate.—The sodium derivative obtained 
from ethyl thioacetoacetate (80g.) and sodium (5g.) was refluxed with 


3 
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benzyl chloride (34g.) on a water-bath for 12 hours. The product 
was isolated as usual and distilled under 15mm. pressure. The 
fraction between 155°-160° was collected and found to solidify 
after 2 or 3 days, m.p. 68°. (Found: §, 13°45. C,5H,,028 
requires S, 13°56 per cent). 

Ethyl B-(benzoylmethyl)-mercaptocrotonate.— The sodium deri- 
vative prepared as before was refluxed with benzene solution of 
w-bromoacetophenone (41g.) on a water-bath for 12 hours. The im- 
pure liquid product was solidified with freezing mixture and the 
solid product was isolated by rapid filtration and finally crystallised 
from ethyl alcohol, m.p. 85°. (Found: §8, 12°06. C,,H,,0,;8 
requires S, 12°13 per cent). 

General properties of the alkylated products.— The alkylated pro- 
ducts do neither form lead salts nor give any coloration with ferric 
chloride. With phenylhydrazine, they give no reaction at the 
ordinary temperature ; but on heating the mixture on sand-bath, 
the mercaptans are given off which can be detected with 
lead acetate paper and from the reaction mixture, a considerable 
quantity of dehydropyrazolone is obtained. They decolourise 
bromine water immediately and have no constant boiling point. 
When they are subjected to reducing action, the mercaptans 
are given off, and on boiling with dilute mineral acids the 
mercaptans with carbon dioxide are evolved. They can generally 
be hydrolysed with alcoholic potash at the ordinary temperature to 
the corresponding 8-alkylmercaptocrotonie acids. 


Action of Phenylhydrazine on Alkylated Products. 


On n-propyl derivative.—Ethyl 8-n-propylmercaptocrotonate (3g.) 
was heated with phenylhydrazine (3g.) on sand-bath with an air- 
condenser for a few-hours. When tested with lead acetate paper, 
a mercaptan was found to evolve, frequently accompanied by H,S gas, 
due perhaps to the decomposition of mercaptan at high tempera- 
tures. After completion of the reaction, the products were washed 
with ether and crystallised from pyridine, m.p. 330° (decomp.). 
(ound: N, 16°89. dehydropyrazolone requires N, 17°0 per cent). 

On benzyl derivative.—Equimolecular quantities of ethyl 
B-benzylmercaptocrotonate and phenylhydrazine were heated on 
sand-bath, when H,S gas was evolved. On completion of the 
reaction, the residue gave out smell similar to that of dibenzyl 
sulphide and it was then washed with acetone. A product was 
obtained melting at 330° (decomp.) (dehydropyrazolone, m.p. 330°), 





THIOKETONIC ESTERS 


Action of dilute mineral acids on ethyl f-ethylmercapto- 
crotonate.—Ethy] 8-ethylmercaptocrotonate (15g.) was heated with 
10% H,80, (200 c.c.) on wire gauze under reflux. The escaping 
gases were passed successively through ethy] alcohol and a solution of 
barium hydroxide. The heating was continued till carbon dioxide 
ceased to evolve. Acetone was detected in the aqueous solution 
by the usual colour reactions. 

The alcohol, over which the escaping gases were passed, was 
treated with alcoholic solution of iodine till the colour of iodine 
did not vanish. The resulting product was extracted with ether 
and washed with sodium thiosulphate solution to remove excess of 
iodine. After evaporating off the ether, it boiled at 152° and was 
found to be diethy! disulphide (b.p. 152°). 

Action of Alcoholic Potash on Alkylated Products. 


B-Ethylmercaptocrotonic acid,—Ethyl (8-ethylmercaptocrotonate 
(1 mol.) was kept with 12% alcoholic potash (1 mol.) over-night. 
The mixture was then diluted with ice-water and acidified with 


dilute hydrochloric acid. The precipitated product was filtered 


and crystallised from methyl! alcohol and the crystals were washed 
with petroleum ether, m. p. 86°. (Found: 8, 21°46. C,H,,0.8 
requires S, 21°92 per cent). 

B-n-Propylmercaptocrotonic acid.—Ethyl (8-n-propylmercaptocro- 
tonate (1 mol.) was treated as above with one mol. of alcoholic 
potash. The solid product was crystallised from methyl alcohol and 
washed with petroleum ether, mp. 70°. (Found: 8, 19°74. C;H;,0,8 
requires S, 20°0 per cent). 

B-Benzylmercaptoerotonic acid.—Ethyl 8-benzylmercaptocroto- 
nate was treated as before with alcoholic potash. The acid obtain- 
ed was crystallised from ethyl alcohol and the crystals were wash- 
ed with petroleum ether, m.p. 184°. (Found: 8, 15°64. C,,;H,.0,8 
requires 8, 15°88 per cent). 

Reduction of ethyl 8-ethylmercaptocrotonate.—Ethyl (-ethyl- 
mercaptocrotonate (15g.) was subjected to the reducing action of zine- 
amalgam and dilute hydrochloric acid and kept over-night. A 
raercaptan was found to evolve when tested with lead acetate paper. 
On completion of the reaction, the product was extracted with ether. 
The product was found to eontain no sulphur and had boiling point 
92°; it was probably ethyl propionate (b.p. 98°). 
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Studies in the Naphthathiazole Series. Part I. The 
Constitution of the Bromo-addition Compounds of 
Bromo-substituted Alkylamino-8-naphthathia- 
zoles Obtained in the Bromination of s-a- 
Naphthylalkyl thiocarbamides. 


By CusrraGc Hasan AND RosBert Fercus Hunter. 


In view of the manner in which the different syntheses of 
benzthiazole derivatives have been exploited by chemical investi- 
gators to both academic and technical ends, it appears curious 
that the study of the naphthalene homologues of these com- 
pounds has previously attracted comparatively little attention. 
Derivatives of a- and §-naphthathiazoles (I and II respectively) 
were first obtained by Hofmann in 1887 by the thionation of 
certain naphthalides (Ber., 1887, 20, 1798), and in the same year, 
Jacobson prepared 2-methyl-3-naphthathiazole by oxidation of an 
alkaline solution of thioacet-a-naphthalide with potassium ferri- 
cyanide (ibid., p. 1895). In the following year, the isomeric 
methyl-a-naphthathiazole was synthesised by the same reaction 
(Jacobson and Sullwald, Ber., 1888, 21, 2624), and the 1-thiol-a- 
and 2-thiol-8-naphthathiazoles were subsequently prepared by 
Jacobson and Frankenbacher three years later (Ber., 1891, 24, 
1400) by heating the corresponding naphthylthiocarbimides with 


sulphur. 
S——CH N—= CH 


ll | 
N 8 
(I) (II) 


With the exception of the synthesis of certain aminonaphtha- 
thiazole derivatives (Hunter, J. Chem. Soc., 1925, 127, 2270 ; 1926, 
1385, and later) and the investigation of the cyanine dyes deriv- 
ed from quaternary salts of the methylnaphthathiazoles (Hamer, 
J. Chem. Soc., 1929, 2598), however, there has been little develop- 
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ment in the chemistry of the naphthathiazole group in the last 
forty years. The object of the present series of papers is therefore 
to study the unsaturation and tautomeric mobility of heterocyc- 
lic compounds of naphthathiazole derivatives, on lines similar to 
those which are being followed in the investigation of benzthia- 
zole derivatives (Hunter, J. Chem. Soc., 1980, 125 ; Hunter and 
Jones, ibid., p. 2190 ; Dyson, Hunter, Jones and Styles, J. Indian 
Chem. Soc., 1981, 8, 147). 

In an earlier investigation it was observed that the interac- 
tion of an equimolecular proportion of bromine with a solution of a 
s-a-naphthylalkylthiocarbamide (III) in chloroform gives rise to a 
hydrobromide of the corresponding 2-alkylamino-8-naphthathiazole 
(IV) (Dyson, Hunter and Morris, J. Chem. Soc , 1932, 2282), 
whereas bromination under the usual conditions of thiazole cye- 
lisation (Hunter, J, Chem. Soc., 1925, 127, 2023, and later) leads 
to the production of bromo-addition compounds of bromo-substi- 


tution derivatives. These bromo-addition compounds have now been 


shown to be hydroperbromides of the corresponding 8-bromo-2- 
alkylamino-B-naphthathiazoles (V) by their preparation from the 
corresponding s-4-bromo-a-naphthylalkylthiocarbamides (V1), which 


were synthesised from 4-bromo-a-naphthylthiocarbimide obtained 
from 4-bromo-a-naphthylamine and thiocarbony] chloride in the usual 
way (Dyson, George and Hunter, J. Chem. Soc., 1926, 3041; 1927, 


436). 


(~ 


Y ou 
= 
Il) 


"Bg 
laa 


i 
NH-C’NHR 
wy (VI) 


The bromination of s8-a-naphthylmethylthiocarbamide in the 
presence of a large excess of the halogen gives rise to a highly 
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unstable hydropentabromide of 8-bromo-2-methylamino-8-naphtha- 
thiazole (V, R=Me ; n=5),* which is also obtained from the 4- 
bromonaphthylmethylthiocarbamide (VI, R=Me), under similar con- 
ditions. Bromination in the presence of a lower concentration of 
bromine gives rise to a hydrotribromide of the bromomethylamino- 
naphthathiazole (V, R= Me ;n=3), which can also be prepared by 
degradation of the hydropentabromide in a vacuum over potassium 
hydroxide, and by bromination of s-4-bromo-a-naphthylmethyl- 
thiocarbamide in the presence of a concentration of the halogen 
lower than that required for the production of the unstable 
hydropentabromide. As might be anticipated, this hydrotribro- 
mide regenerates the hydropentabromide on bromination in chloro- 
form. 

On bromination in chloroform in the presence of a concentra- 
tion of bromine still lower than that required for the produc- 
tion of the hydrotribromide, %-a-naphthylmethylthiocarbamide 
yielded a yellow-orange hydrodibromide of the 8-bromomethyla- 
minonaphthathiazole base, which was also obtained by degradation 
of the hydrotribromide in a desiccator containing potassium 
hydroxide. This substance, which was the most stable of the 
three bromo-addition compounds under ordinary laboratory condi- 
tions, is evidently analogous to the hydrodibromide of 1-amino- 
benzthiazole (Hunter, J. Chem. Soc., 1930, 125) and probably con- 


tains a Brg ion, whose formulation involves the operation of a lone 
singlet linkage (cf. Hunter, Chem. and Ind., 1932, 51, 939). 
s-a-Naphthylethylthiocarbamide behaved similarly to the methyl- 
thiocarbamide and gave rise to a hydropentabromide, a hydrotribro- 
mide, or a hydrodibromide of 8-bromo-2-ethylamino-8-naphthathia- 


* This formulatian is not necessarily meant to imply the existence of a 


Br; ion in highly unstable compounds of this type. The bromine which is so readily 
eliminated from the hydropentabromide of 8-bromo-2-methylamino-8-naphthiazole 
with the production of the more stable hycrotribromide, for instance, may possibly 
be present in the form of a physical mixture, the solid phase of which has the 


composition, [Base, H] Brz, Brg (cf. Dyson, Hunter, Jones and Styles, loc. cit.). 
The seat of the phenomenon of polybromide formation of this type is, however, 
the bromine ion of the hydrobromide of the base produced by thiazole cyclisation 
(Hunter, J. Indian Chem. Soc., 1932, 9, 435), and it is reasonable to assume that 
the affinity which leads to the production of a hydrotribromide complex will be 


relayed, in some measure at least, through the bromine atoms of the Bry ion. 
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zole, according to the conditions of the reaction. The hydrotribro- 
mide was also obtained from the hydropentabromide by loss of bro- 
mine as in the case of the methyl derivative. The constitution of 
these bromo-addition compounds was established by synthesis from 
s-4-bromo-a-naphthylethylthiocarbamide as in the previous case. 

The bromination of s-a-naphthyl-iso-amylthiocarbamide was also 
re-examined, and it was observed that this thiocarbamide gave rise 
toa hydropentabromide or a hydrodibromide of the 8-bromo-2-iso- 
amylamino base, according to the conditions of the experiment. This 
hydropentabromide was also prepared from the 4-bromo-a-naphthyl- 
iso-amylthiocarbaride by treatment with a considerable excess of the 
halogen, and yielded the hydrotribromide by loss of a molecule of 
bromine as in the case of the methyl and ethyl compounds. 


EXPERIMENTAL. 


The s-a-naphthylalkylthiocarbamides are much more conveniently 
prepared by con<ensation of a-naphthylthiocarbimide and the corres- 
ponding alkylamine than by condensation of a-naphthylamine with 
the requisite alkylthiocarbimides (Dyson and Hunter, Rec. trav. chim., 


1926, 45, 421; Dyson, Hunter and Soyka. J. Chem. Soc., 1926, 129, 
2964). Considerable difficulty was experienced in preparing a-naph- 
thylthiocarbimide by the methods given in the literature. It was 
most readily obtained from s-di-a-naphthylthiocarbamide and _ boiling 
acetic anhydride by the method used for the preparation of the {- 
isomer (Hunter and Jones, J. Chem. Soc., 1930, 942), but the yield 
was always poor (10 to 20 percent). The thiocarbimide was also 
prepared by adding a-naphthylamine (1 mol.) in chloroform (5 vols.) 
to a well-stirred suspension of thiocarbony! chloride (1°3 mols.) in 
water (10 vols.) at laboratory temperature; stirring being continued 
for a further 30 minutes after the completion of the addition of the 
amine solution, and the thiocarbimide isolated in the usual way 
(Dyson, George and Hunter, loc. cit.). 
8-Bromo-2-methylamino-8-naphthathiazole hydropentabromide 
(V, R=Me; n=5).—(i) Bromination of s-a-Naphthylmethylthiocar- 
bamide. A solution of the naphthylmethylthiocarbamide (m.p. 198°) 
in chloroform (0°2 g. in 4 c.c.) was treated with bromine (0°8 c.c. in 
0°7 c.c. of the same solvent) and the mixture was heated under reflux 
on a water-bath for 5 minutes. The hydropentabromide finally 
separated in orange-red rhombic crystals which were transferred to 
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porous earthenware, placed in a vacuum desiccator which was rapidly 
exhausted on an oil pump, and the crystals analysed with the usual 
precautions (Dyson, Hunter and Soyka, J. Chem. Soc., 1929, 458) 
after one or two minutes. [Found: Br (total), 70°0; Br (labile), 45°3. 
C,>HgNgBrS, HBr(Br,) requires Br (total), 69°1; Br (labile), 46°1 
percent]. Just after the moment of its isolation the bromo-addition 
compound had m. p. 135° (decomp.), but this rose to 163° 
(decomp.), which is the m.p. of the hydrotribomide, after a lapse of 
10 minutes (Dyson, Hunter and Soyka, J. Chem. Soc., 1926, 2964, 
recorded this for the m.p. of the supposed ‘‘hexabrcmide of 2-methyl- 
amino-8-naphthathiazole ’’). On reduction with sulphurous acid and 
sulphur dioxide, and basification with ammonia (d 0°880), the hydro- 
pentabromide yielded 8-bromo-2-methylamino-8-naphthathiazole, 
which crystallised from alcohol-ethyl acetate (animal charcoal) in 
aggregates of small needles, m.p. 194-95°, identical with the speci- 
men synthesised from 4-bromo-a-naphthylthiocarbimide by way 
of s-4-bromo-a-naphthylmethylthiocarbamide. (Found: Br, 27:2, 
C,oHyNeBrS requires Br, 27°3 percent). The acetyl derivative, 
obtained by boiling a solution of 8-bromo-2-methylamino-8-naphtha- 
thiazole in acetic anhydride for a few minutes and diluting the solu- 
tion with alcohol, separated from alcohol in microscopic needles, 
m.p. 208°. (Found: Br, 24°2. C,,H,,ON,.BrS requires Br, 23°8 
per cent). 

(ii) Synthesis from 4-Bromo-a-naphthylthiocarbimide by way 
of s-4-Bromo-a-naphthylmethylthiocarbamide. 4-Bromo-a-naphthyl- 
thiocarbimide.—A_ solution of 4-bromo-a-naphthylamine (9 g.) in 
chloroform (60 c.c.) was gradually added to a mechanically stirred 
suspension of thiocarbony! chloride (9 c.c.) in water (60 c.c.) in the 
course of 20 minutes, and vigorous stirring was continued for a 
further 10 minutes. The sticky product was separated and kept 
overnight in a desiccator containing sulphuric acid and extracted with 
boiling benzene in which the dibromo-dinaphthy|-thiotarbamide which 
was formed as a by-product was practically insoluble. The thiocarbi- 
mide crystallised from this solvent in small thick needles, m.p. 90°. 
(Found: Br, 80°0. C,,H,gNBrS requires Br, 303 per cent) 
s-4-Bromo-a-naphthylmethylthiocarbamide, A suspension of the naph- 
thylthiocarbimide (1 g.) in aleohol (10 c.c.) was treated with a 33 per 
cent solution of methylamine (1°6 c.c.), when the thiocarbimide 
dissolved on warming, giving a dark brown solution which was con- 
centrated. The crystals of the methylthiocarbamide thus obtained 


4 
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were washed with methyl alcohol to remove the coloured impurity 
and had m.p. 179°. (Found: Br, 27°0. C,9H,,N2BrS requires Br, 
27°1 per cent). A solution of the bromonaphthylmethylthiocarbamide 
(0°2 g.) in chloroform (5 c.c.) was treated with bromine (0°6 c.c. in 
lc.c. of the same solvent) and the mixture was heated on a water 
bath under reflux for 5 minutes. The hydropentabromide obtained 
in this way had m.p. 136° after rapid drying in vacuum. [Found: Br 
(total), 70°1; Br (labile), 46°0 per cent], and yielded 8-bromo-2- 
methylamino-8-naphthathiazole on reduction, which had m.p. 
194° alone, and when mixed with the specimen already 
described. 

8-Bromo-2-methylamino-8-naphthathiazole hydrotribromide (V, 
R=Me; n=3).—(i) Bromination of s-a-Naphthylmethylthiocarbamide. 
The naphthylmethylthiocarbamide (0°2 g.) in chloroform (4 ¢.c.) was 
treated with bromine (06 c.c. in 0°6 c.c. of chloroform) and the mix- 
ture was heated on a water bath for 5 minutes. A yellow precipitate 
first separated which acquired a pinkish colour, which was dried on 
porous earthenware in a vacuum. The hydrotribromide formed pink 
needles, m.p. 162-64° (decomp. blackening at 115-125°). [Found: 
Br (total), 60°0; Br (labile), 29°11. C,g,H,N,BrS, HBr (Brg) requires 
Br (total), 60°0; Br(labile), 30°0 per cent]. 

(ii) Degradation of the hydropentabromide of 8-Bromo-2-methyl- 
amino-f-naphthathiazole. The hydropentabromide of the 8-bromo- 
naphthathiazole was kept in a vacuum over potassium hydroxide, 
when the red crystals decomposed with loss of bromine yielding 
crystals of the hydrotribromide m.p. 162.163°. [Found: Br (tvtal), 
61°4; Br (labile), 29°9 per cent]. 

(iii) Preparation from s-4-Bromo-a-naphthylmethylthiocarbamide 
and Bromine. A solution of the bromonaphthylthiocarbamide in 
chloroform (0°2 g. in 5 c.c.) was treated with bromine (0°4 c.c. in 
0°7 c.c. of the same solvent), and the mixture was heated for 5 
minutes under reflux when the hydrotribromide was obtained, m.p. 
168°. [Found: Br (total), 60°9; Br (labile), 30°0 per cent]. 
Bromination of the hydrotribromide in chloroform solution yielded 
the hydropentabromide of 8-bromo-2-methylamino-8-naphthathiazole 
which was identified by its appearance, m.p. and analysis [Found: 
Br (total), 69°3; Br (labile), 46°0 per cent]. 

8-Bromo-2-methylamino-B-naphthathiazole hydrodibromide.—A 
solution of 8-a-naphthylmethylthiocarbamide (0°6 g.) in chloroform 
(20 c.c.) was treated with bromine (1°2 c.c,) and the mixture was 
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heated for 5 minutes, when the hydrodibromide was obtained in the 
form of fine orange yellow needles, m.p. 195° (decomp.). [Found: 
Br (total), 52°9; Br (labile), 17°6. C,gH,N,BrS, HBr(Br) requires 
Br (total), 52°9; Br (labile), 17°6 per cent]. This compound was the 
most stable of these three bromo-addition compounds and was also 
obtained by keeping the hydrotribromide in a desiccator over 
potassium hydroxide for 4 days. The specimen obtained in this way 
had m.p. 197°. [Found: Br (total), 52°4; Br (labile), 17°4 per cent]. 

8-Bromo-2-ethylamino-B-naphthathiazole hydropentabromide 
(V,R=Et; n=5) (i) Bromination of s-a-Naphthylethylthiocarbamide. A 
solution of s-a-naphthylethylthiocarbamide (m.p. 124°) in chloroform 
(0°2 g. in 4c.c.) was treated with bromine (0°6 c.c. in 0°8 c.c, of 
chloroform) and the mixture was heated for 6 minutes on a water 
bath under reflux, and then concentrated under reduced pressure at 
laboratory temperature. The orange-red hydropentabromide was 
obtained, m.p. 93°. [Found: Br (total), 67°8; Br (labile), 45°0. 
C,3;H,,N2BrS, HBr (Br,) requires Br (total), 67°7; Br (labile), 45°2 
per cent]. On reduction with sulphurous acid and sulphur dioxide 
it yielded 8-bromo-2-ethylamino-B-naphthathiazole which crystallised 
from alcohol-ethyl acetate in soft silky neq@lles, m.p. 147°. (Found: 
Br, 10°0. C,3;H,,N.,BrS requires Br, 10°1 per cent). The acetyl 
derivative, prepared by heating a solution of the base in acetic 
anhydride for a few minutes and diluting with alcohol, crystallised in 
colourless prisms, m.p. 172-73°, (Found: 8, 9°2. C,,H,,;0N,BrS 
requires S, 8°8 per cent). 

(ii) Synthesis from  s-4-Bromo-a-naphthylethylthiocarbamide. 
s-4-Bromo-a-naphthylethylthiocarbamide. The gum obtained by 
concentrating a mixture of 4-bromo-a-naphthylthiocarbimide (lg.) 
in alcohol (10 c.c.) and ethylamine (1°6 c.c. of a 33 per cent 
solution in water) was kept overnight, and then triturated with 
ether, when it solidified. The ethylthiocarbamide could not, how- 
ever, be obtained crystalline and had m.p. 82° after being washed 
free from gummy impurities by ether. (Found: Br. 25°0. C,;H);- 
N,BrS requires Br, 25°8 per cent), A solution of this product in 
chloroform (0°2 g. in 4 c.c.) was treated with bromine (0°8 c.c. in 
0°5 c.c. of chloroform) and the mixture was concentrated in a 
vacuum after being heated under reflux for 5 minutes. The crystals 
of the hydropentabromide obtained in this way were brown coloured, 
due evidently to an impurityin the bromonaphthylethylthiocarbamide, 
but had similar properties to those of the specimen already described, 
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m.p. 94°. [Found: Br (total), 67°7; Br (labile), 45°1 per cent]. 
On reduction with sulphurous acid, it yielded 8-bromo-2-ethylamino- 
B-naphthathiazole, which was undepressed by admixture with the 
specimen already described. 

8-Bromo-2-ethylamino-B-naphthathiazole hydrotribromide. (i) 
Bromination of s-a-Naphthylethylthiocarbamide. A solution of the 
naphthylethylthiocarbamide in chloroform (0°2 g. in 4 c.c.) was 
treated with bromine (0°6 c.c. in 0°8 c.c. of chloroform) and the 
mixture was heated on a water bath for 6 minutes when the hydrotri- 
bromide separated in yellow crystals, m.p. 204°. [Found: Br (total). 
58°2; Br (labile), 29°0. C,;H,,N .BrS, HBr(Brg) requires Br (total), 
58°0; Br (labile), 29 1 per cent]. 

(ii) Degradation of  8-Bromo-2-ethylamino-8-naphthathiazole 
hydropentabromide. The hydrotribromide was also obtained by 
keeping the hydropentabromide in a desiccator over potassium 
hydroxide; the specimen obtained in this way had m.p. 203°. 
[Found : Br (total), 58°83; Br (labile), 29°0 per cent ]. 

(iti) Synthesis from _ s-4-Bromo-a-naphthylethylthiocarbamide. 
The hydrotribromide of 8-bromo-2-ethylamino-8-naphthathiazole was 
also prepared as in the case of the methyl derivative by treating a 
solution of the bromonaphthylethylthiocarbamide (0°2 g.) in chloro- 
form (4 .c.c.) with bromine (0°7 c.c. in 0°7 c.c. of chloroform) in the 
usual way and identified by m.p. and analysis. [Found: Br (labile), 
29°0 per cent.]. On reduction with sulphurous acid and sulphur 
dioxide, it yielded 8-bromo-2-ethylamino-8-naphthathiazole as in the 
case of the higher bromo-addition compound. 

8-Bromo-2-isoamylamino-8-naphthathiazole hydropentabromide (V, 
R= iso-C,H,;; n=5). (i) Bromination of s-a-Naphthylisoamyl- 
thiocarbamide. A solution of the isoamylthiocarbamide in chloroform 
(0°2 g. in4c.c.) was treated with bromine (0°8 c.c. in 0°6 c.c. of 
chloroform) and the mixture was heated for 5 minutes, and the 
solution concentrated under reduced pressure at laboratory tempera- 
ture. The hydropentabromide formed orange red unstable crystals 
which were rapidly dried on porous earthenware in vacuum and 
analysed; m.p. 79-80°. (Found: Br (total), 64:1; Br (labile), 42°6. 
C,¢H,;N,BrS, HBr(Br,) requires Br (total), 64°0; Br (labile), 
42°6 per cent]. A specimen of the hydropentabromide kept in a 
weighing bottle overnight, decomposed yielding the hydrotribromide 
of 8-bromo-2-iso-amylamino-8-naphthathiazole which had m. p. 121°. 
[Found: Br (total), 543; Br (labile), 27°2. C,,H,,N,Br8, 
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HBr (Brg) requires Br (total), 54°2; Br (labile), 27°1 per cent]. On 
reduction with sulphurous acid and basification with ammonia, it 
yielded 8-bromo-2-isoamylamino-8-naphthathiazole which had m. p. 
126° alone, and when mixed with the specimen obtained 
from 8-4-bromo-a-naphthylisoamylthiocarbamide. (Found: Br, 22°7. 
C,¢H,;NgBrS requires Br, 22°9 per cent). 

(ii) Synthesis from  s-4-Bromo-a-naphthylisoamylthiocarbamide. 
s-4-Bromo-a-naphthyliso-amylthiocarbamide. The gum obtained by 
concentrating a mixture of 4-bromo-a-naphthylthiocarbamide (1 g.) 
and isoamylamine ((°8 c.c.) in alcohol (7 c. c.) did not solidify after 
being kept in a vacuum desiccator for 2 days. It was therefore 
triturated with ether as in the case of the bromonaphthylethyl 
derivative. The product obtained in this way had m. p. 128° (after 
sintering at 118°). (Found: Br. 22°7. C,¢H, 9N,BrS requires Br, 
22°7 per cent). A solution of this bromonaphthylthiocarbamide 
in chloroform (0°2 g. in 4°5 ¢. c.) was treated with bromine (0°8 c. c. 
in O°5c¢.c. of chloroform) and the mixture was heated for 5 
minutes and concentrated in vacuum. The deep orange crystals 
of the hydropentabromide obtained in this way were very unstable 
and rapidly lost bromine yielding the more stable hydrotribromide. 
[Found: Br (total), 64°0; Br (labile), 427 per cent]. 

8-Bromo-2-isoam ylamino-B-naphthathiazole hydrotribromide. 
Bromination of s-a-Naphthylisoamylthiocarbamide. A_ solution of 
the naphthylthiocarbamide in chloroform (0°2g. in 4 c. c.) was 
treated with bromine (0.6 c. c. in 0°6 c.c. of chloroform) 
and the solution was heated for 5 minutes and thereafter con- 
centrated under reduced pressure at laboratory temperature, when 
the hydrotribromide separated in yellow crystals, m. p. 121°. 
[Found: Br (total), 53°9; Br (labile), 27°0 per cent]. On reduc- 
tion with sulphurous acid and basification with ammonia, it yielded 
8-bromo-2-isoamylamino-8-naphthathiazole which was identified in 


the usual way. 
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The Photo-reduction of Alcoholic Solutions of Ferric 
Chloride in Light. 


By Mata Prasap anv P, S. Limaye, 


Benrath (J. pr. Chem., 1905, 72, 220) has studied the photo- 
reduction of ferric chloride dissolved in methyl and ethyl alcohols 
in sun light by measuring the density of the solution at different 
intervals during exposure to light. The photo-reduction in sun light 
is more rapid than that in the artificial light so much so that 
crystals of ferrous sulphate separate out from a concentrated solution 
of ferric sulphate exposed to sun light (cf. Benrath, Z. phys. Chem., 
1910, 74, 115). 

Prasad and Sohoni (J. Indian Chem. Soc., 1981, 8, 489) have 
studied the photo-reduction of ferric chloride dissolved in methyl, 
ethyl, n-propyl and n-butyl alcohols in artificial light and have 
examined the effect of the intensity of the incident light on 
solutions of different concentrations. They find that in solution in 
perfectly anhydrous alcohols, the photo-reduction tends to reach a 
stationary stage but the addition of even slight amount of water 
causes a reversal of the reaction. 

In the following investigation the photo-reduction of ferric 
chloride dissolved in the above named alcohols has been studied in 
artificial light for a longer time than that required to reach the 
equilibrium stage and the order of the photo-reduction has been 
determined. 


EXPERIMENTAL. 


The Order of the Photo-reduction of Ferric Chloride in 
Artificial Light. 


A 1000-Watt Philip’s lamp was used as the source of light 
and the intensity was kept constant by means of a variable resistance 
placed in series with the lamp. The beam of light rendered parallel 
by alens was first passed through a cell (4cm. thick) containing 
distilled water to remove the heat radiations before it was incident 
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on the cell (20 mm. x 50 mm.) made of optical glass, used to con- 
tain the ferric chloride solution. The intensity of the incident light 
was measured by a Ruben’s thermopile connected to a Broca 
galvanometer and it could be varied by interposing piles of glass 
plates in the path of the beam. 

The solutions were prepared by dissolving B.I).H. anhydrous 
ferric chloride in Kahlbaum’s or Merck’s extra pure alcohols which 
were further purified in the laboratory according to standard 
methods. 3°5.c.c. of the solution were placed in the reaction cell 
which was closed by a rubber stopper carrying syphon tubes to 
remove the solution ; the ends of the tubes were closed by pinch 
cocks and the stopper was made air-tight by coating it with 
methylated collodion. 

The cell was then exposed to light for a certain time at room 
temperature (28-29°). Theoptical homogeneity of the solution was 
maintained by gently shaking it during exposure to light as done by 
Ghosh and Purkayastha (J. Indian Chem., 1929, 6, 827) and Prasad 
and Sohoni (loc. cit.). The reduction of ferric chloride was deter- 
mined by titrating the solution with N/100-potassium dichromate using 
diphenylamine as an internal indicator (cf. Knopp, J. Amer. Chem. 
Soc., 1924, 46, 253). The volume in c.c. of the dichromate solution 
required to oxidise the volume of the indicator was first determined 
and this quantity was subtracted from each titration reading. The 
effect of alcohols and aldehydes on the titration of ferric salts by 
potassium dichromate was also studied and a small correction was 
applied for the presence of alcohols. 

In the following tables T, X and K denote the time in minutes, 
the reduction of ferric chloride in milli moles and the zero-molecular 
coustant respectively. The asterisk (*) in the following tables indi- 
cates the stationary state for which the velocity constants have not 
been calculated. 


TABLE I. 
Solution in pure methyl alcohol. 
Conc. of the solution=0°118M. Intensity = 7°4 cm. 


T/60 a 1 2 3 4 5 6 7 
Xx10? ... 2°85 6°15 9°2 12°2 12°35 13°55 16°25 
Kx10* ... 4°75 5°13 50 51 4°12 38 3°87 
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TaBie II. 
Solution in pure anhydrous ethyl alcohol. 


Conc. of the solution=0°115M Intensity =25 cm, 
T/60 = 2 3 4 5 6 7 8 9 
xXx10 we 225 «64°45 SKC 5H «= BGKS«10°85-—-:12°05 


K x 104 377 0=— 3°78 3°61 * ° 2°01 2°06 2°17 =2°24 


TaBue IIT. 
Solution in n-propyl alcohol. 

Conc. of the solution = 0°16 M. Intensity = 7°5 cm. 
T/60 oo ft 2 3 35 6064 45 66 6 7 8 
Xx1@ ... 18 31 4°85 585 65 705 755 845 9°36 10°41 
Kx10 ... 3°0 2°51 2°69 2°78 271 2°61 2°52 2°31 2°23 2°18 


TaBLe IV. 
Solution in n-butyl alcohol. 


Conc. of the solution = 0°15 M. Intensity = 25 cm. 
3°5 4 4°5 5 6 
635 785 8°65 


T/60 ~~ & 2 3 
Xx10? ... 18 3°15 4°91 5°65 5°85 


Kx10! ... 18 2°6 2°73 2°7 ose ove 2°62 2°4 


The curves obtained on plotting X against 7 are shown in Fig. 1. 
It will be seen that each curve consists of two straight lines separa- 
ted from each other. This indicates that the photo-reduction proceeds 
in two stages and the order of the reaction is zero-molecular in both 


the stages. It is also apparent from the curves that the reaction 
proceeds faster in the first stage than in the second one. 


5 
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Extinction Coefficients. 


The extinction coefficients of solutions of ferric chloride undergo- 
ing reduction were measured in different parts of the visible spec- 
trum with a view to see (a) if any complexes or intermediate 
compounds of ferric chloride are formed and (b) if any change in 
the absorption of light by the solution takes place. Nutting’s 
spectrophotometer in conjunction with tis Hilger wave-length 
spectrometer was used. Only solutions in methyl and ethyl alcohols 
have been examined as these give fairly good reduction on exposure 
to light, : 
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TaBLe V. 
Solution in methyl alcohol. 
Initial conc. of the solution = 0°15 M Intensity = 7°4 cm. 


Extinction coefficients for 


6220A 5800A 5600A 5300A 


Time (brs.) 


0°00 016 0°28 04 
0°00 0°12 
0°00 07115 


0°00 
0°00 
0°00 
0°00 


oll 
v'04 
0°01 
0°00 


TABLE VI. 


Solution in anhydrous ethyl alcohol. 
Cone. of the solution = 0°18M. 


Extincntion coefficients for 


Intensity = 25 cm. 


6220A 


0°16 
vlb 
O15 
O16 
O16 
Ol 


6 
7 O11 
8 


0°06 


10 o4 


5800A 


"22 
vl 
0°22 
0°22 
0°22 
0°17 
ols 
0°10 


0'06 


5500A 


0°30 
0°28 
0°30 
0°295 
0°30 
0°23 
0°20 
0°15 
0°095 


5300A 


0°12 


The curve obtained on plotting the values of extinction coefficients 
against time (Fig. 3, Table V) as well as results in Table VI show 
that some remarkable change takes place in the solution “after the 
reduction has reached a certain value. “ 
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Effect of the Addition of Ferric Hydroxide Sol to the 
Alcoholic Solutions of Ferric Chloride. 


It is known that hydrolysis of ferric chloride is considerably 
increased in light (cf. Dhar, ‘‘ Chemical Action of Light,’’ p. 381 ; 
and Ritche, J. Phys. Chem., 1928, 32, 1269). It is probable in the 
present case that ferric chloride may undergo hydrolysis on account 
of the water formed during the progress of the reaction and this 
being in a colloidal state may influence the reduction of ferric 
chloride after some time. The reduction was, therefore. studied 
by adding 0°5cc.c. of pure ferric hydroxide sol. to 3°5c.c. of the 
reaction mixture. The added amount of the sol did not cause any 
large change (i) in the concentration of the solution and (ii) in the 
absorption of light by the solution. To note the effect of the 
colloidal particles alone, a blank experiment was performed with 
the addition of O°5c.c. of distilled water to the ferric chloride 


solution. 
In the following tables T denotes time in minutes, X, and X, 
reduction in millimoles of ferric chloride in the presence of water and 


the sol. respectively. 


TasLe VII. 


Solution in pure methyl alcohol. 


Conc. of the solution=0°191M. Intensity =7°4 cm. 


T/60 - 1 2 3 4 
X,x12 .. 34 7°25 : 141 
X,x10? 315 4°85 11°65 


TasLe VIII. 
Solution in anhydrous ethyl alcohol. 
Conc. of the solution =0°095 M Intensity = 7‘4 cm, 
T/60 in 1 2 4 5 


X,x102 3°75 
X3 x 10? oes 3°26 
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TaBLe IX. 
Solution in n-propyl alcohol. 
Conc. of the solution =0°165M. Intensity =7°4 cm, 
T/60 ose 1 3 3 4 5 
X,x10? .., 4°15 715 8°35 
Xx10? 3°55 5°35 6°45 
TABLE X. 
Solution in n-butyl alcohol. 
Conc. of the solution=0°091 M. Intensity =7°4 cm. 


T/60 - 1 4 5 
X,x10?—., 1°35 "85 7°85 8°95 10°45 
X)x18 1°15 , 5°25 6°65 8°45 


Tt will be seen that the colloidal ferric hydroxide inhibits the reduc- 
tion of ferric chloride and the amount of inhibition increases with the 
progress of the reduction. The inhibition may be caused by (i) the 
retarding influence of the colloidal ferric hydroxide or (ii) a diminu- 
tion in the intensity of light absorbed by the solution due to the 
screening effect of the colloidal particles. 

X,—T and X,—T curves are similar to each other. It, there- 
fore, appears that colloidal ferric hydroxide does not exert any 
specific influence (a) in causing a change in the course of the reaction 
from the first to the second stage or (b) in the appearance of the 
flat part in the curves (Fig. 1) which may be the equilibrium state 
observed by Prasad and Sohony (loc. cit.). 

Winther and Oxholt-Howe (Z. Wiss, Phot., 1913, 14, 196), have 
advanced a theory that at least two different light absorbing mole- 
cular species containing ferric ions are present in solutions of ferric 
chloride in organic acids. As a tentative explanation, it may be 
considered probable that in the alcoholic solution of ferric chloride 
a complex containing ferric ion and having a small absorption co- 
efficient is formed as the concentration of the organic substances in 
the solution increases in course of time. The photo-reduction of 
this complex or of ferric chloride in the presence of this complex 
follows a zero order as indicated in the second stage of the 
reaction. 





*~M. PRASAD AND P. S. LIMAYE 


Solution of FeCl, in MeOH. 
Fic. 2. Fie. 3. 


Nene 
Naa 
Ne 


My 


° 
NS Boot 


Extinction Coeff. 











5800 5500 5800 6210 123465 6 8 


Wave-length in A.U. Time in hrs. 


Solution of FeCl; in EtOH. 
Fie. 4, 


Extinction Coeff. 


{ nn 


ene 





5300 5500 5800 





Wave-length in A.u. 
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The extinction coefficient wave-lengths curves (Figs. 2 and 4) for 
different exposures of the reaction mixture to light are similar to 
each other. It appears that the solution containing the complex 
during the second stage of the reduction behaves towards the change 
of the extinction co-efficient with wave-lengths in the same way as 
before the complex is formed. Ghosh and collaborators have shown 
that the concentration of a complex formed in a photo-chemical 
reaction can be calculated if the extinction co-efficients of the react- 
ants and of the complex be known. This, however, could not be 
done in the present case as a large number of substances are present 
in the solutions of ferric chloride in alcohols undergoing reduction 
and their concentrations are not known. 


Tae CHemical LABORATORIFS, 
Tae Rovat Instiruts oF Science, Received February 13, 1988. 
Bomar, 








Quantum Efficiency of the Photo-reduction of 
Alcoholic Solutions of Ferric Chloride. 


By Mata Prasap ANp P. §. Limaye, 


In a previous communication (J. Indian Chem, Soc., 1988, 10, 91) 
it has been shown that for the first four hours the order of the photo- 
reduction of alcoholic solutions of ferric chloride in artificial light 
is zero molecular. Inthe present investigation the quantum effi- 
ciency of the photo-reduction of ferric chloride has been studied in 
radiations of different wave-lengths at different temperatures. The 
effect of the concentration of the solution on the quantum efficiency 
has also been studied and the applicability of the Einstein’s Law of 
photochemical equivalence has been discussed. 


EXPERIMENTAL, 


The experimental arrangement was the same as described in the 
previous paper (loc. cit.). The quantum efficiency was studied at three 
different temperatures, 30°, 38°, and 45°. The temperature was main- 
tained constant by an electrically heated air thermostat within + 0°05°s 
The reaction cell was well protected from the radiations from the 
heater by means of a black screen interposed between the reaction 
cell and the heater. It was observed from the absorption photo- 
graphs of ferric chloride solutions in ethyl alcohol that complete 
absorption between 4000A and 5000 takes place if the concentra- 
tion of the solution is not less than 0°08M. Consequently solutions 
of concentrations greater than 0°08M were used for the measure- 
ments of quantum efficiency. The quantum efficiency was studied 
in the radiations 4000A—5000A (mean value 4500A) and 4580A 


° 
—4940A (mean value 4760A). These radiations were obtained by 
using the following solution filters : 
(a) 2°716N CuSO, + 0°01 g. methyl violet in 100 c.c. of 
° ° 
water, each in 1 cm. thickness. Transmission 4000A — 5000A. 
(b) CuSO, aq., 150 g./litre 2cm. thickness + methyl green 


° ° 
aq. O°l g./litre 2 cm. thickness. Transmission 4580A — 4940A. 
6 
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The amount of reduction was measured by titrating ths solution with 
N/100-dichromate solution using diphenylamine as an internal 
indicator. 

To measure the light energy absorbed by the solution, the galva- 
nometric deflections obtained by exposing a large surface thermopile 
connected to a sensitive galvanometer were first calibrated in 
terms of Hefner-100. The energy in Hefner-100 absorbed by the 
solution was then calculated from the deflections of the galvanometer 
for pure alcohol and for the solution of ferric chloride in that alcohol. 

The number of molecules changed per sq. cm. per sec. was 
calculated from the titration data using the formula, 


NxnxtxA 


where N is the Avogadro’s constant (6°06 x 102%), » the number 
of g. molecules of ferric chloride reduced in time ¢t, expressed in 
seconds and A (7 sq. cm.), the area of the solution, illuminated by 
light. 

The number of quanta absorbed per sq. cm. per sec. is given by 
the formula, 


ex 900 xXx 10-8 /38 x 10!9 x 65 x 10-27 


where ¢ is the absorption in Hefner-100 add A the mean wave- 
length of the filter in Angstrom units. 


The quantum efficiency Q was calculated from 





Q = No. of molecules changed 


No. of quanta absorbed ° 


Tasze I, 
Solution in pure methyl alcohol. 
Cone. of the solution = 0°188M, 


Mean wave-length = 4500A. Mean wave-length = 4760A. 
Temp. Temp. coeff. , Temp. Temp. coeff, ‘ 
30° , a 1° 30° 1 : 


eee ° 0°78 
1°31 1°53 

38° 118 
17 1°65 

45° , 1°89 
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TABLE II. 
Solution in pure methyl alcohol. 
Conc. of the solution = 0.094M. 


Mean wave-length = 4760A . 
Temp. coeff. Q. 


Mean wave-length = 4500A. 


Temp. Temp. coeff. ‘ Temp. 
30° 30° 
1°7 


38° 


45° 


Tasie III. 
Solution in anhydrous ethyl alcohol, 


Cone, of the solution=0°19M. 


Mean wave-length = 4500A. Mean wave-length = 4760A. 


Temp. coeff. 2. Temp. Temp. coeff, 


30° 1°24 30° 
1°2 13 

38° 1°55 88° 
18 

45° 2°77 46° 


Temp. 


2°04 


TaBLe IV. 
Solution in anhydrous ethyl alcohol. 


Conc. of the solution=0°095M. 


Mean wave-length= 4500A. Mean wave-length= 47604. 


Temp. Temp. coeff. Q. Temp. Temp. coeff. 
80° 0°68 30° 
12 15 
38° 38° 
2°4 17 
46° 45° 
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TABLE V. 
Solution in n-propyl alcohol. 


Conc. of the solution=0°155M. 


Mean wave-length = 4500A. Mean wave-length= 4760A. 
Temp. Temp. coeff. Q. Temp. Temp. coeff. 
30° 2°98 380° 

1°23 13 
38° 38° 

ll 11 
45° ; 45° 


TaBLE VI. 
Solution in n-propyl alcohol. 


Cone. of the solution=0°08M. 


Mean wave-length= 4500A. Mean wave-length = 4760A. 
Temp. Temp. coeff. Q. Temp. Temp. coeff. 
30° 30° 

1°23 1°3 
388° “ 88° 

1°03 11 
45° 45° 


Taste VII. 
Solution in n-butyl alcohol. 


Conc. of the solution=0°165M. 


Mean wave-length= 4500A. Mean wave-lengeh= 47604. 


Temp. Temp. coeff. Q. Temp. Temp. coeff. 


30° 2°5 30° 
1°46 1°08 
38° 38° 
1°2 1°0 
A 45° 
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Tasie VIII. 
Solution in n-butyl alcohol. 


Conc. of the solution=0°082M. 


Mean wave-length= 4500A. Mean wave-length= 47604. 


Temp. Temp. coeff. Q. Temp. Temp. coeff. 
380° 1°907 380° 
1°0 10 
88° 1°91 88° 
12 0°92 
45° 2°26 45° 


Discussion. 


It will be seen from the foregoing tables that the quantum effi- 
ciency in dilute solutions is much less than that in the concentrated 
ones and that at the same temperature the quantum efficiency of the 
same solution is greater in light of lower wave-lengths and it in- 
creases as the temperature is raised. The results are in agreement 
with those usually obtained in photochemical reactions (cf. Dhar and 
Bhattacharya, J. Indian Chem. Soc., 1929, 6, 148; Mukerji and 
Dhar, J. Phys. Chem., 1931, 6, 1790; and Allmand, J. Chem. Soc., 
1981, 16652). 

It is also apparent from the tables that the quantum efficiency of 
the photo-reduction of ferric chloride in different alcohols varies from 
nearly 0°6 to 4. It appears therefore that Einstein’s Law is valid 
approximately in the present case. The primary effect of the absorp- 
tion of alight quantum appears to be the excitation of the ferric 
chloride molecules which break up into ferrous chloride and chlorine. 
No other side reaction seems to take place during the first two hours 
of the starting of the reaction. 

The authors are very thankful to Mr. S. M. Mehta, B.A., M.8c. 
for his kind assistance. 

Tue CuemicaL LaporaToRi&s, 


Roya Institute oF Scrence, 
Bompay. Received February 18, 1933 - 











The Condensation of Methyl- and Ethyl-o-toluidines 
with Chloral Hydrate. 


By A. N. Metproum anp A. H, ApvVANI, 


Boessneck (Ber., 1887, 20, 3193 ; 1888, 214, 782) condensed 
monomethylaniline, monoethylaniline, dimethylaniline and diethyl- 
aniline with chloral hydrate and assumed that the chloral group 
enters the para position to the amino group. 

The condensation products of methyl-o-toluidine and of ethy!- 
o-toluidine with chloral hydrate, (I, R=CH, or CgH;) have now 

Me 


. NC eHon-cel, 
(I) 


been prepared by mixing the components in molecular propor- 
tions, adding anhydrous zinc chloride as a condensing agent and 
shaking for 48 hours in an automatic shaker. The solid hydrochlo- 
rides obtained after treating the mixture with concentrated hydro- 
chlorie acid were converted into the bases by treatment with strong 
ammonia. 

The condensation products yielded nitrosoamines and acetyl deri- 
vatives. The compound (I) forms both mono- and diacety! derivatives, 
both the OH and NH groups being acetylated. These acety] 
derivatives produced the compound (II) on reduction with zinc dust 


Me _ 


R -_ 
x \ CH: CCl, 
Ac 
(II) 

and acetic acid, while (I) is not thus reduced. The unsaturated 
formula -CH=CCl, as suggested by Jocitsch (J. Russ. Chem. Soc., 
1898, 30, 920, 990-1003) from the reduction of compounds of this 
type is preferred to the saturated formula -CH2‘CHCl, according to 
Meldrum and Alimchandani (J. Indian Chem. Soc., 1925, 2, 1). 
Recent work by Yelburgi and Wheeler (communicated to this Journal) 
has shown that the unsaturated formula is correct with compounds 
of this type and here the hydrogen analysis definitely favours the 


unsaturated formula. 
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The fact that the monoacety! derivative and its reduction product 
cannot be converted into a nitrosoamine and that the reduction of 
the chloral chain of the monoacety] derivative does not remove the 
acetyl group proves that on acetylation of (I) the NH group is first 
acetylated. 

To prove that the chloral chain occupies the para position to the 
amino group, oxidation of (I), the mono -and diacetyl derivatives by 
means of alkaline potassium permanganate was tried. The first two 
substances did not give pure products. A monobasic acid (IIT) 


M Me 
Do coon 
Ac 
(III) 

melting at 232° was, however, obtained from the diacetyl derivative, 
which on hydrolysis with 40% potassium hydroxide solution under 
pressure at 150° produced p-methylamino-m-toluic acid melting at 
201°. This acid was synthesised for mixed melting point determin- 
ation by the method of Houben (Ber., 1909, 42, 4490). 


EXPERIMENTAL. 


p-(a -Hydroxy-8-trichloroethyl) -methyl-o-toluidine hydrochloride.— 
Equimolecular amounts of methyl-o-toluidine (25 g.) and chloral 
hydrate (35 g.) were mixed and dry powdered zinc chloride (5 g.) 
added after all the chloral hydrate had gone into solution. The 
mixture was shaken for 72 hours when it formed a deep green sticky 
mass. It was heated on a water-bath at 60° for 4 hours and treated 
with excess of conccntrated hydrochloric acid, when the solid 
hydrochloride of the condensaticn product separated after keeping 
for 24 hours in a refrigerator. ‘:uis was filtered off under suction, 
washed with concentrated hydrochloric acid and dried on a porous 
plate, yield 13 g. (73%). It was crystallised from 10% ethyl 
alcohol containing traces of hydrochloric acid and basified with strong 
ammonia (vide infra). The base after crystallising from dilute methy] 
alcohol was again treated with concentrated hydrochloric acid with 
a view to obtain a purer specimen of the hydrochloride. This was 
recrystallised from dilute ethyl alcohol, m.p. 207—8° (decomp.). 
(Found: Cl, 46°7. C,; 9H,,;ONCl, requires Cl, 46°5 per cent). 

The hydrochloride was converted into the base by grinding the subs- 
tance in a mortar with strong ammonia. A light green sticky mass 
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was first obtained which solidified after grinding for 10 minutes and 
keeping in the ammoniacal solution for 2 hours. The solid mass was 
powdered, washed well with water and crystallised from methyl 
alcohol and water as rhombic plates, m.p. 104-5°. (Found: Cl, 89°6. 
C,9H,,ONCI, requires Cl, 39°6 per cent), 

The monoacetyl (N-acetyl) derivative was prepared by heating the 
base (5 g.) with acetic anhydride (15 c.c.) containing a few drops of 
concentrated sulphuric acid on the water-bath for a few minutes. On 
keeping overnight the solution was poured over crushed ice and the 
white sclid was washed well with hot water and crystallised from 
methyl alcohol, m.p. 187°, yield 41g. (Found: Cl, 34°2. 
C,2H,,O_gNCl, requires Cl, 34°3 per cent). 

The diacetyl derivative was obtained by heating the base with 
acetic anhydride on the water-bath for 4 hours. The oil, obtained after 
the solution was poured over crushed ice, solidified on grinding with 
cold dilute sodium carbonate solution, washing with cold water and 
keeping in a refrigerator for 24 hours. It was crystallised from 
methyl! alcohol, m.p. 111°, yield 5°4 g. (83°7%). (Found: Cl, 80°2, 
C,4H,,0,NCl, requires Cl, 30°2 per cent). 

The nitrosoamine derivative was prepared by adding sodium nitrite 
solution (25 %) to a cooled solution of the base in a small quantity 
of absolute alcohol containing a little HCl, when a white precipitate 
was obtained. The mixture was kept in a freezing bath for 2 hours 
and the product thus formed was washed with cold water and crystal- 
lised from methyl! alcohol, m.p. 172-3° (decomp.). (Found: Cl, 35°8. 
Cy9H,,02gN,Cl; requires Cl, 35°8 per cent). 

p-(8-Dichloroethylene)-o-N-methyl acetotoluidide.—The monoacety] 
derivative (40 g.) was suspended in glacial acetic acid (70 c.c.) 
contained in a glass-stoppered bottle, and zinc dust (11 g.) was added 
gradually while the mixture was shaken, keeping the temperature at 
about 40°. After 5 hours the mixture was filtered under suction and the 
filtrate on dilution and subsequent partial neutralisation with sodium 
carbonate gave a colourless oil, which was extracted with ether, wash- 
ed several times with water and distilled at 204°/11 mm. It solidified 
after keeping for 5 days in a vacuum desiccator containing alkali. 
The solid was washed with petroleum ether and crystallised from 
methyl alcohol, m.p. 107-8°, yield 1°5 g. (5%). The same com- 
pound was obtained by the reduction of the diacetyl derivative. 
(Found: Cl, 27°38. Cy9gH;,;ONCl, requires Cl, 27°5per cent). 
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p-N-Methylacetylamino-m-toluic acid.—The diacetyl derivative 
(10 g.) was suspended in dilute potassium hydroxide solution and 
a solution of potassium permanganate (3 g; 1°5%) was added gradual- 
ly, the mixture shaken for 24 hours and then heated on a water- 
bath (3 hours), when the solution was completely decolourised. The 
liquid, filtered from the precipitated hydrated manganese dioxide, 
was concentrated and acidified with strong HC! and the precipitate 
crystallised from boiling water as white needles, m.p. 232°, yield 
2°8 g. (60°5%). (Found: N, 6°8; Eq. wt., 206. C,,H,,0,N requires 
N, 6°8 per cent; Eq. wt., 207). 

Hydrolysis of p-N-methylacetylamino-m-toluic acid.—Many un- 
successful attempts were made to hydrolyse this acid by means 
of concentrated hydrochloric acid and by potassium hydroxide at 
temperatures up to 100°. Eventually the acid (3 g.) was dissolved 
in 40% potassium hydroxide solution (6 c.c.) and heated at 150° for 
6 hours in a sealed tube. ‘The product was dissolved in dilute HCl 
and the acid precipitated with sodium acetate. It was washed with 
a little cold water and crystallised from boiling water as white 
needles, m.p. 201°; soluble in dilute hydrochloric acid and dilute 
sodium hydroxide. The compound was found to be identical with 
p-N-methylamino-m-toluic acid (m.p. 201°), synthesised by the 
method of Houben (loc. cit.), the mixed m.p. being 200°. 

p-(a-Hydroxy-8-trichloroethyl)ethyl-o-toluidine hyrdochloride was 
obtained from ethyl-o-toluidine and chloral as small rhombic plates 
from dilute ethyl alcohol, m.p. 210-12° (decomp.). (Found: Cl, 44°4. 
C,,H,;ONCl, requires Cl, 44°5 per cent). 

The free base, obtained from the hydrochloride by treatment 
with ammonia, crystallised from carbon tetrachloride, m.p. 107°. 
(Found: Cl, 37°9. C,,H,,ONCI, requires Cl, 37°7 per cent). 

The nitrosoamine, obtained in the usual manner, crystallises as 
thick square plates from benzene, m.p. 138° (decomp.). (Found: 
Cl, 34°3. C};H,3;0_N.Clz requires Cl, 34°1 per cent). 

The diacetyl derivative was prepared in the same way as the 
diacetyl] derivative of p-(a-hydroxy-8-trichloroethyl) methy]-o-tolui- 
dine. It was crystallised from dilute alcohol, m.p. 106-7°. 
(Found: Cl, 29°2. C,;H,,0,NCl; requires Cl], 29°0 per cent). 


CHEMISTRY DEPARTMENT, 
THe Royat InstituTe oF ScIENCE, Received December 8, 1982. 
Bompay. 





Studies on the Decompositions and Reactions of Urea. 
Part I. Reactions of Urea with Hydrazines, 
Aldehydes, Ketones, etc. 


By JNANENDRA Monon Das-Gopta. 


From a study of the literature it appears that the true mecha- 
nism of the reactions of urea has in many cases been little studied. 
The following investigations, while throwing considerable light in 
this respect, also point to the importance of urea as a convénient 
source of both ammonia and isocyanic acid, which can be success- 
fully utilised in many reactions and syntheses. The advantages of 
urea as a source of NH, and NHCO are (i) ammonia can be obtained 
in perfectly dry state; (ii) both ammonia and isvcyanic acid can be 
made to evolve at very high temperatures up to 200° or above; (iii) as 
they are generated in situ, they act in the nascent state and are, 
therefore, much more reactive. 


Reactions of hydrazines with urea have been investigated in the 
dry state by Pinner (Ber., 1887, 20, 2358), Skinner and Ruhemann 
(J. Chem. Soc., 1888, 47, 550) and others but in aqueous solutions 
also similar results have been obtained here. The mechanism of the 
former type of reactions has been supposed to be of the nature of 
direct condensation of one or two molecules of urea with the base 
(hydrazine) followed by the splitting of ammonia. The fact that 
semicarbazide and hydrazine dicarbonamide are obtained by heating 
hydrazine with urea (J. pr. Chem.,, 1895, ii, 52, 465) below the 
decomposition point of the latter in the solid state, appears to 
support the above mechanism. But, since urea decomposes into 
ammonia and isocyanic acid much below its melting point in various 
solvents (such as water, alcohol, glycerine, etc., as can be shown by 
warming with silver nitrate when AgCNO is produced), it is quite 
probable that in the above cases as well, hydrazine hydrate 
acts as a dissociating medium, and the reactions actually take place 
between the hydrazine base and the isocyanic acid produced under 
such condition. The fact that hydrazines yield similar products 
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even in aqueous solutions, lends support to these interpretations of 
the reactions. 

By gradually heating benzaldehyde with urea, Schiff (Annalen, 
1896, 291, 376) obtained benzylidenecarbamide and by further 
heating above its melting point (up to 220°) ammonia was split off 
and benzylidenebiuret was produced. But by simply heating the 
reactants at 150-60° only, the same compound has been obtained. 
So the mode of its formation under this latter condition appears 
to be different. The reaction probably takes place thus: 


OH NHCO 
C,H; CHO + (NH). CO —> CgHs CH a 
NH‘CO'NH, 
NH-CO 
C,H,CH NH+H,0 
NH-CO 


Since benzylidenecarbamide does not decompose below its melting 
point (200°), the formation of benzylidenebiuret direct from it with 
spliting off of ammonia at 150-60° appears to be unlikely. 

Reactions of urea with aromatic haloid substitution products 
appear to have been very little investigated. By the action of 
alcoholic ammonia on polynitrohalides at high temperatures in 
sealed tubes, corresponding amines have usually been obtained. It 
is quite natural to expect that urea, which is an excellent source of 
ammonia at very high temperatures, should also yield similar products 
with polynitrohalides. This expectation has been fulfilled. 

By similar reactions with nitrophenols, corresponding amines have 
been obtained in several cases by Kym (J. pr. Chem., 1907, 
ii, 75, 325). This reaction has been extended to the case of other 


phenols. 


EXPERIMENTAL. 
Reactions of Hydrazines and Hydroxylamine with Urea. 


Phenylhydrazine hydrochloride and urea.—Phenylhydrazine hydro- 
chloride (1'4g.), urea (0°7g.) and water (7-8 c.c.) were heated together 
on water-bath for 2} hours; the mixture cooled and the precipitate 
obtained on rubbing crystallised from alcohol. It melted at 172°; 
the melting point being not depressed when mixed with a sample 
prepared from phenylhydrazine hydrochloride and potassium cyanate. 
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asym-Phenylbenzylhydrazine hydrochloride and urea.—A mixture 
of asym-phenylbenzylhydrazine hydrochloride (2 g.), urea (1°5 g.) and 
water (10 c.c.) was heated on a water-bath (2-2} hours). The precipi- 
tated semicarbazide was purified by dissolving in chloroform and _ re- 
precipitating by ether. It melts at 139-40° (cf. Milrath, Ber., 1908, 
41, 1665). 

8 Quinolylhydrazine and urea,—8-Quinolylhydrazine (1°4 g.) and 
urea {1°2 g.) were mixed together and heated at 150-60° for 4 hour. 
The mass, after extraction with warm water and washing with 
ether, was crystallised from alcohol, m. p. 230° (decomp.). 
Beilstein reports 235° (decomp.). The same compound was obtained 
by heating the dihydrochloride of 8-quinolylhydrazine (1‘lg.) with 
excess of urea (0°9 g.) in aqueous solution as in the previous cases, 

Hydrazine hydrochloride and urea.—A mixture of hydrazine 
hydrochloride (1°1 g.), urea (2 g.) and water (7-8 c.c.) was refluxed 
for about 14 hours. The precipitate, obtained on concentrating the 
solution, was warmed with ether and crystallised from hot water; 
m.p. 246° with decomposition. (Hydrazine dicarbonamide), 

Hydrazine dicarbonamide was also produced from hydrazine 
hydrate (1 c. c.) and urea (2 g.) dissolved in water (7-8 c.c.) and 
heating the mixture for 2} hours. The solution was then concentra- 
ted to a smal] bulk, when hydrazine dicarbonamide crystallised out. 

Hydrorylamine hydrochloride and urea,—Hydroxylamine hydro- 
chloride (1 g.), urea (1 g.) and water (8-9 c.c.) were heated together 
on water bath for 2 hours. Bubbles of gas evolved from the solution 
throughout the reaction. The solution gave strong bluish violet 
coloration with ferric chloride solution, which showed that hydroxy- 
urea was formed but it could not be easily isolated. By dry heating 
a mixture of the two reactants gradually to about 145°, the mass 
swelled up and gases were given out with explosive violence. No 
hydroxyurea could be detected in the solid residue. 


Reactions of Aldehydes and Ketones with Urea, 


Benzylidenebiuret.—Benzaldehyde (1 g.) and urea (1‘2 g.) were 
heated together at 150-60° (1$ hours) in an oil bath. The melt 
was then cooled, washed repeatedly with warm water and the 
light yellow precipitate filtered. It was next washed several times 
with warm alcohol and was thus obtained as a white powder almost 
insoluble in water, alcohol and ether, It was crystallised from hot 
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water, m.p. 270° (decomp.). (Found: N, 21°54, C,H,0,N, 
requires N, 21°99 per cent). 

4'- (Dimethylamino)-benzylidinebiuret.—An intimate mixture of 
p-dimethylaminobenzaldehyde (1°4 g.) and urea (1°4 g.) was 
heated at 160° for about 2 hours. The mass was washed with hot 
water and filtered, when a yellowish precipitate was obtained. It 
was dissolved in dilute hydrochloric acid, charcoaled and _ reprecipita- 
ted with alkali. The precipitate was repeatedly washed with warm 
alcohol and was obtained as a white powder, m.p. 264° 
(decomp.). Itis insoluble in water, ether and acetone. (Found: 
N, 23°42. C,,H,,0,2N, requires N, 23°92 per cent). 

2'-Hydrorybenzylidenebiuret.—A mixture of salicylaldehyde (1 g.), 
and urea (1 g.) was heated at 150-60° for 1} hours. The cold mass 
was next well-powdered and dissolved in dilute alkali. The filtrate 
was acidified with dilute hydrochloric acid and the yellow precipitate 
washed repeatedly with water and warm alcohol. The light yellow 
insoluble residue was further purified by redissolving in dilute alkali. 
The clear filtrate was then charcoaled, reprecipitated with dilute 
acid and the white precipitate of 2/-hydroxybenzylidenebiuret thus 
obtained was further washed with alcohol. It is practically insoluble 
in water, ether and alcohol and does not melt below 280°. (Found: 
N, 19°82. C,H,O,N, requires N, 20°29 per cent). 

1-Methylbenzylideneurea.—Acetophenone and urea did not appre- 
ciably react under the above conditions. But by carrying out the 
reaction at higher temperature and for a longer period the desired 
compound was obtained. Acetophenone (1°2 g.) and urea (1°2 g.) 
were heated together at 180-85° for 3-4 hours. The melt was 
repeatedly extracted with boiling water. The solid residue was 
powdered, repeatedly washed with ether and crystallised from alcohol, 
m.p.176°. It is soluble in alcohol and insoluble in water, ether, acids 
and alkalis. (Found: C, 59°5; H, 6°6; N, 15°20. C,H,;,ON,, H,O 
requires C, €0°0; H, 6°65; N, 15°55 per cent). 

Diphenylketone and urea did not appreciably react under the 
above conditions. 


Reactions of Aromatic Halogen Compoundswith Urea. 


2:4-Dinitrobromobenzene and urea.—An in ate mixture of 2:4- 
dinitrobromobenzene (1°2 g.) and urea (2 g). was heated at 200° for 
about 4 hours. The yellow crystalline mass was well powdered 
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and repeatedly washed with hot water and crystallised from alco- 
hol as a glistening yellow crystalline mass, m. p. 181-82°, yield 60%. 
It was found identical with the compound obtained from the above 
nitro derivative and alcoholic ammonia (Clemm, J. pr. Chem., 1879, 
ii. 1, 175). (Found: N, 22°82. CgH,0,N, requires N, 22°95 per 
cent). 

The corresponding carbamido derivative, resulting from the direct 
condensation of the bromo compound with urea was also formed to 
some extent, but remained undissolved in alcohol. In the case of 
2:4-dinitrochlorobenzene, the yield of the amine was 70%. 

2:6-Dinitrochlorobenzene and urea.—On heating an intimate 
mixture of the above chlorobenzene derivative with large excess of 
urea as in the previous case, 2:6-dinitroaniline was formed, which 
was separated and purified as before ; yellow needles, m. p. 138°, 
yield 65%. From the corresponding iodo derivative, a 60% yield of 
the amine was obtained. 

3:5-Dinitrobromobenzene and urea yielded 3: 5-dinitroaniline, 
which crystallised from alcohol in yellow needles, m. p. 158°, yield 
30%,. (Found: N, 22°90. C,H,;0,N, requires N, 22°95 per cent). 


Reactions of Phenols with Urea. 


2:6-Dinitrophenol and urea.—An intimate mixture of 2: 6-dinitro- 
phenol (1 g.) and urea (2 g.) was heated at 200° for 4-5 hours. The 
dirty black mass was well powdered, repeatedly extracted with hot 
water and the residue washed with dilute alkali and crystallised 
from alcohol as yellow needles, m. p. 138°, yield 45%. 

3:5-Dinitrophenol and urea under the above conditions yielded 
8:5-dinitroaniline, which was crystallised from alcohol in yellow 
needles, m. p. 158°. The yield was very poor. 

2:5-Dinitrophenol and urea similarly gave 2:5-dinitroaniline 
as orange-yellow crystals from alcohol, m. p. 137°, yield 25%. 
(Found: N, 22°99. C,H;0,N, requires N, 22°95 per cent). 

The author is indebted to Dr. U. N. Brahmachari for the facilities 
he has given for carrying out these investigations. 


BRAHMACHARI RESEARCH INSTITUTE, 
CALCUTTA. Received January 18, 1933, 
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Studies on the Decompositions and Reactions of Urea. 
Part II. Reactions of Urea with Acids,| 
Anhydrides, etc. 


By JNANENDRA Monon Das-Gupta. 


As a typical case of the reaction of urea with an acid, may be 
discussed its action on acetic acid at the boiling point of the 
latter. When urea is boiled with the acid with a few crystals of 
silver nitrate for a short time, a precipitate of silver cyanate (which 
can be tested by the hydroxylamine hydrochloride-ferric chloride 
reaction) is formed. No silver cyanate is formed on adding silver 
nitrate solution at the end of the reaction. This shows that cyanic 
acid, which is produced under such condition, immediately reacts 
with the acid thus, 


CH,COOH + NHCO = CH,CONH,+CO, 


while the ammonia produced forms ammonium acetate. Evolution 
of CO, has been noticed to be continuous from the very outset. 
That, besides acetamide, ammonium salt is also formed may be 
easily seen by cooling a part of the mixture and adding alkali, when 
ammonia is evolved. Aromatic monobasic acids, however, do not 
yield the corresponding amides under similar conditions. Formation 
of imides in the case of dibasic aromatic acids is probably due to 
dehydrating action of cyanic acid whereby corresponding anhydrides 
are formed first, which latter then react with ammonia and excess 
of isocyanic acid thus: 


C co 
OHA +NH,= On NE +H,0 
co co 
on pO + NHOO=0.H,€ NH +00, 


The results obtained by Werner (J. Chem. Soc., 1916, 109, 1120) 
in the case of acetic anhydride, while supporting the above 
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scheme, would show that the formation of the imide on the line of 
Piuti (Annalen, 1882, 214, 20) and Dunlop (Amer. Chem. J., 1896, 
18, 332) may take place only to a small extent under the studied 
conditions. 


COOH 
ONH:CO'NH, 


0. 
one do +(NH,)2CO—>C,H, 


co 
Bond pH +CO, +NH, 


Formation of an ureide in the case of cinnamic acid appears to be 
exceptional. 

Esters and amides have been found to remain unreacted by 
urea at high temperature (150°-180°), without yielding amides and 
ureides respectively with the ammonia and isocyanic acid produced. 
But urea regarded as an amide (carbamide) yields, when heated 
alone, about 20% biuret thus, 


NH,‘CO'NH, + NHCO = NH,'CO'NH‘CO.NHg. 


Several reactions of urea in aqueous solution have been 
studied. It is interesting to study and compare its reactions in 
other solvents, ¢. g., alcohol, glycerol and acetic acid, in which 
similar decomposition into ammonia and isocyanic acid have already 
been noticed. The temperature at which the dissociation takes 
place to an appreciable extent depends on the solvent. In the case 
of alcohol, it is approximately 82°, in the case of glycerol 100°, in 
the case of acetic acid 110° and in the case of water 80-85°. Since 
alcohol increases the rate of formation of ammoninm cyanate into 
urea, urea is very little decomposed at its boiling point; hence very 
poor yields are obtained in such solution. 

The reactions of urea with various bases in acetic acid solution 
are usually supposed to be due to the direct elimination of two mole- 
cules of ammonia from one molecule of urea and two of the base. 
The fact that urea dissociates into ammonia and isocyanic acid in 
acetic acid solution and also that phenylurea alone decomposes in 
the same solvent into diphenylurea, makes it more probable that the 
above reaction takes place thus, 


C,H;NH, + NHCO—>C,H,NH'CO'NH,—>C,H,NCO+NH,. 
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Phenylurea, thus formed, then decomposes into pheny! isocyanate 
and ammonia (Davis and Underwood, J. Amer. Chem. Soc., 1922, 44, 
2595) which then combine to form diphenylurea. 


EXPERIMENTAL. 
Reactions of Acids and Anhydrides with Urea. 


In most of these reactions, the mixtures are heated at 150- 
170° and then cooled and washed with small amounts of water. The 
residue is washed with dilute ammonia or alkali. The aliphatic 
imides are either extracted with some solvents or recovered by dis- 
tillation. Aromatic imides are obtained in practically pure state by 
simply washing with dilute ammonia or alkali. Excess of urea is used 
in most of the cases, while with lesser amounts some of the acids or 
anhydrides remain unreacted. Relative proportions of the ammonium 
salts and amides formed also depend to some extent on the amount 
of urea used and also on the temperature and duration of heating. 
The results have been shown in Tables I—III. 

Decomposition of phenylurea in acetic acid solution.—A mixture 
of phenylurea (I g.) and glacial acetic acid (5-6 c.c.) was gently 
refluxed for about 1 hour. It was next cooled and diluted with 
water, when a crystalline precipitate of diphenylurea separated out. 
On recrystallisation from alcohol, it melted at 235°. (Found: N, 
13°0. C,;,;H,,ONg, requires N, 13°2 per cent). 

Reactions of urea in various solvents.—Reactions of urea in 
glycerol were carried at 120°, in acetic acid at 117°, in water at 
95-100° (except where stated), usually for 2 hours and in alcohol at 
82° for 5 hours. Yields in 509% alcoholic solution were always greater 
than in 95% alcohol but these were small in both cases. The 
products were obtained by distilling off the alcohol under reduced 
pressure. From glycerol and acetic acid solutions, these were 
separated by diluting with water and proceeding in the usual way. 
The results are given in Table IV. 
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Variation in the Amounts of Ammoniacal and 
Nitric Nitrogen in Rain Water of Different 
Countries and the Origin of Nitric 
Nitrogen in the Atmosphere 


By N. BR. Dar anp Atma Ram. 


It is well known that an appreciable quantity of nitrites and 
nitrates falls on the earth’s surface with rain water. The following 
table indicates a few observations. 


Wt. of nitric N per acre brought 
Place. down by the annual rainfall. 


Caracas, Venezuela oe 7°87 Ib. 
St. Denis, Island of Re-union ... 9°437 
Lieb Frauenberg, Alsace sin 0°5214 
Rothamsted, England se 1°33 


The nitrites and nitrates present in rain water are derived from 
the nitric nitrogen occurring in the atmosphere. The nitric 
nitrogen present in the atmosphere exists either as the 
oxides of nitrogen or as ammonium nitrate and nitrite. These are 
washed down to the soil by the rain and form an important source 
of nitrogenous compounds for the nutrition of plants. What is the 
origin of this nitric nitrogen? It was believed that the oxides of 
nitrogen owe their origin to thunder storms in the upper air; nitrogen 
and oxygen combine to form oxides of nitrogen due to electric dis- 
charge. But thunder storms do not occur frequently. If the 
presence of the oxides of nitrogen is to be ascribed to thunder storms, 
they will be wasked down to the earth by the rain which follows 
thunder storms and no oxides of nitrogen should be present in the 
atmosphere on ordinary days. But this is not the case. The amount 
of the oxides of nitrogen present in air on ordinary days is practi- 
cally the same as that present on days when thunder storm occurs. 
There is no relation between the variation of the nitrite and nitrate 

content of the atmosphere and the incidence of thunder 


storms. 
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According to Moore ( J. Chem. Soc., 1921, 119, 1555), sunlight 
causes a slight union of nitrogen and oxygen in the air, resulting in 
the formation of oxides of nitrogen. Dhar and Sanyal (J. Phys. 
Chem., 1925, 29, 926) have observed the formation of traces of 
nitrite when air freed from impurities is bubbled through conductivity 
water in presence of mercury vapour lamp light and in sunlight. 

The photochemical combination of nitrogen and oxygen appears 
to contribute a small part of the total nitric nitrogen present in the 
atmosphere. Very recently Gopal Rao and Dhar (Z. anorg. Chem., 
1981, 199, 422) have advanced the view that the important source 
of nitrites and nitrates in the atmosphere, is the photo-oxidation of 
ammonia by air in presence of sunlight. 

It is well known that ammonia occurs in the atmosphere to an 
appreciable extent. The ammonia is derived from the decomposi- 
tion of nitrogenous organic matter, from the burning of coal, etc. 
The air of manufacturing towns appears to be more rich in ammonia 
than the air of rural districts; for the huge consumption of coal in 
industrial centres sets free large amounts of ammonia. Thus Smith 
found in England 0°97 mg. of ammonia per litre of rain in the 
country (2°602 lbs. per acre) and 5°14 mg.. in the town (13°4 lbs. 
per acre); and in Scotland 0°53 mg. in the country (1°381 Ib. per 
acre) and 8°81 mg. in towns (9°928 lbs. per acre). J. A. Barral 
estimated that Paris received annually 20°83 lbs. of ammonia per acre 
and A. Bineau showed that Lyons had 73°53 lbs. per acre. This 
ammonia is continuously undergoing oxidation to nitrite and 
nitrate by the oxygen of the air under the influence of ultraviolet 
rays from the sun. 

From the theory of nitrification advanced from these laboratories, 
it is expected that the ratio of nitric tc ammoniacal nitrogen in the 
rain water, available in tropical countries should be much greater 
than the ratio obtained in the rain water collected in temperate and 
cold climates. In order to test this point, we have undertaken a 
systematic analysis of rain water, as no satisfactory data on this 
question are available. The procedure adopted in the analysis of rain 
water was as follows: 

The rain water was collected in large porcelain dishes placed on 
a tall stool in an open space. A definite volume of the freshly 
collected rain water, usually 300 c.c., was taken in a distilling 
flask and evaporated to 20 c.c. in presence of potassium hydroxide, 
so that the ammonia present in rain water in the free and 
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combined states was removed. The nitrite and nitrate of rain water 
now present as potassium salts were reduced by Devarda’s alloy. 
The ammonia obtained by the reduction was caught in two small 
flasks containing dilute sulphuric acid. After complete reduction of 
the nitrates and nitrites, the contents of the two flasks were made 
up to 250 c.c. The amount of ammonia so obtained was estimated 
by the colorimetric method using the Duboseq type of colorimeter and 
Nessler’s reagent. The amount of nitrogen present in the ammonia 
obtained by reduction represents the sum of the nitric and nitrous 
nitrogen present in rain water. From this, the nitrogen due to the 
nitrites was deducted. The nitrites were estimated separately by 
the colorimetric method applying the well known o-naphthylamine 
sulphanilic acid test. The amount of ammonia present in rain 
water in the free and combined states can be easily found by the 
colorimetric method taking the original rain water and comparing 
it with a standard ammonium chloride solution. That the ammonia 
obtained by the reduction was not due to impurities present in the 
Devarda’s alloy and the alkali, a blank experiment, using the 
same amount of alloy and alkali as used in the analysis of rain 
water was always performed with conductivity water, and the 
amount of ammonia so obtained, if at all, was always deducted 
from the actual amounts available after the reduction. In the 
blank experiment with conductivity water, the alloy and alkali 
were heated in a flask in two instalments for a total period of 
8 hours in order to obtain comparable results. In order that 
all the nitrite and nitrate present in rain water be reduced, the 
reduction should be carried on at least twice and the total time 
required for the reduction was 8 hours. It is well known that the 
estimation of small amounts of nitrates present in a large volume 
of water is difficult because it is exceedingly tedious to reduce the 
nitrates completely on prolonged boiling with alkali and Devarda’s 
alloy. In our experiments, we boiled the rain water after concen- 
tration with alkali and the alloy in a flask in two instalments for a 
total period of 8 hours, each time adding a fresh sample of the al- 
kali and the alloy. We have observed that most of the samples of 
Devarda’s alloy contain small amounts of ammonium compounds, 
nitrites and nitrates. Hence in all our experiments, the amounts 
of ammonia derived from the impurities in alloy were always taken 
into account. In this connection, the following observations of 
Thresh (‘The examination of waters and water supplies.’’ 1918, p. 
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295) wil be of interest:—‘‘In no other determination do results 
differ so widely. On more than one occasion, I have had to give an 
opinion upon water which had been submitted to various well known 
analysts. The other determinations recorded in the analyses have 
usually been concordant, but the nitric nitrogen had varied enor- 
mously. This has not been due to auy change in the water, as in 
some cases the samples were taken at the same time. The difference 
appears to be due to the methods employed.’’ 

We are of the opinion, therefore, that the estimation of small 
quantities of nitrate present in rain water is likely to be vitiated if 
special precautions are not taken and it seems likely that the earlier 
results on the nitric nitrogen content of rain water obtained by some 
previous workers may not be quite correct. 

The following are the experimental results : 


Date. Ammoniacal N Nitric N Ratio of nitric to 
mg./litre. mg./litre. ammoniacal N, 

Aug. 21, 1932 or20 "50 25 

. 2, 1932 102 2°56 2°5 

O70 41 

4°4 

31 

3°6 

4.1 

4°3 

2°7 

31 

3°6 

0°37 22 

0°36 24 


Mean 0°31 3°3 


The foregoing results show that in all cases, the ratio of nitric to 
ammoniacal nitrogen is much greater than unity and the average is 
3°3. It will be interesting to note that the ratio of the nitric nitrogen 
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to ammoniacal nitrogen in rain water collected after the end of a 
heavy shower is greater than in the water collected in the beginning 
of the shower. It is difficult to explain this observation and we are 
carrying on experiments in order to throw light on this problem. 

Our experimental results are in agreement with our theory of 
nitrification in the atmosphere. We have observed that the rain 
water collected at Allahabad is generally slightly acidic probably due 
to the presence of free nitric and nitrous acids. 

It will be inter esting to compare our values with those obtained in 
colder countries. According to Lawes and Gilbert the average 
amount of total nitrogen in country rain water is about 0°7 parts in 
million parts of water, whilst our value is 1°21 in the same volume 
of rain water. 

We are of opinion that in tropical countries, the ratio of nitric to 
ammoniacal nitrogen is higher than unity due to two reasons, (1) 
the increased photo-oxidation of ammonia and its compounds to 
nitrous and nitric acids under the action of sunlight; (2) the slow 
combination of nitrogen and oxygen forming oxides of nitrogen in 
presence of the ultra violet light of the sun. 

In the following tables we have collected the amounts of ammo- 
niacal, nitric and total nitrogen available in rain water at different 
places. 


TaBLE I. 
Non-industrial Places (Tropics). 
Latitude. Ammoniacal N NitricNin Ratio Total amount of 
in lbs. per acre. Ibs. per acre. nitric N N brought down 


. by rain in lbs. per 


ammon, N acre. 


British Guiana 5°0 N ‘006 ’ 3°547 
Venezuela 10°30 N ~ 
Barbados 13°10 N 

Reunion 218 

Allahabad 


Mean 
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TaBLeE II, 


Non-industrial Places (Temperate.) 
Ammonia- Nitric N Ratio Total amount 
Latitude. cal N in in lbs, nitric N_. of N brought 
Ibs. per acre. per acre. ammoniacal N down in lbs. 
per acre. 
DehraDun 30°19 N 2°037 1°368 0°67 3°405 
Kokstad 30°34 8 1°702 1021 06 2°73 
Mississipi 33 8 ~ — 3-636 
Grahams town 33°19 8 2°603 
Kansas 338 N 2" “ ri 3°69 
New Zealand coast 405 A 14 
Cornell Mt. Vernon 40°26 N 
Alsace 48°3 N 
Rothamsted 51°49 N 
Iceland 64°40 N 
Hebrides 56°50 N 
Ottawa 59°3N 2°99 
Mean — 1°436 


TABLE III. 


Industrial Places. 
Ammonia-_ Nitric N Ratio Total N 
Latitude. cal N in in lbs. nitric N | brought down 


lbs. per acre. per acre. ammoniacal N by rain in lbs 
per acre. 


TROPICS 
Cawnpore (India) 2°482 0°768 0°31 3°25 


Pretoria (S. Africa) 6°587 1°083 0°16 7°67 
Mean 4°534 0°925 0°235 5°46 


TEMPERATE 
Cedar (8. Africa) 32°22 S 7°083 1°321 6°16 8°409 


Utah (U. 8. A.) 39°30 N 5°06 0°356 0°07 5°416 
Paris 48°51 N _ — — 8°93 
Gembloux (Belgium) 50°33 N _ 9'2 
Gréningen 51°57 N 4°0 52 
Mean _- 7°431 
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From the foregoing survey of results obtained in the analysis 
of rain water in different countries, it seems that the ratio of nitric 
to ammoniacal nitrogen is greater in tropical than in countries 
situated in the temperate and frigid zones. 

Moreover, it appears that the total nitrogen which falls with rain 
water is also appreciably greater in tropical countries. This increased 
amount of nitrogen which is available in the rain water of tropical 
countries may be ascribed to the following reasons : 


(i) The combination of nitrogen and oxygen present in the air 
in presence of ultraviolet light from the sun. 

(ii) The increased ammonificalion of the nitrogenous compounds 
present in the soil due to light absorption. 

In publications from these laboratories we have shown that not 
only nitrification in the soil but also ammonification is accelerated 
by sunlight. In tropical countries, the surface of the earth received 
more sunlight than in temperate and cold countries and naturally 
there should be more nitrification and ammonification. A part of 
the ammonia escapes into the air and this addition of ammonia to 
the atmosphere appears to be more prominent in tropical 
than in non-tropical climates, bacause the soils in _ tropical 
countries attain a much higher temperature than in non-tropical 
countries. We have carried on experiments with urea solutions 
mixed with soil and have observed that there is more ammonia 
formed from urea in sunlight than in the dark and an appreciable 
amount of ammonia formed from the urea escapes into the air. In 
this connection the following remarks of Miller (Chem. Soc. Annual 
Reports, 1913, p. 212) will be of interest: ‘‘ We have evidence that 
the fairly heavy soil at Rothamsted loses ammonia for some weeks 
after the application of ammonium salts and it is possible that some 
soils are more or less continuously giving into the air small portions 
of the ammonia produced from organic residues. Some soils may be 
expected to lose*more ammonia than is returned in the rain, whilst 
others may gain in this manner more than they lose.’’ Consequently 
in tropical countries, the atmosphere is richer not only in nitrites 
and nitrates but it also contains more ammonia than in non-tropical 
centres free from large industries. ' 

It is well known that in industrial areas, the atmosphere is 
rich in ammonia and its compounds because of the combustion of 
large quantities of coal and decomposition of organic matter and 
that is why, the ammount of ammonia in places like Paris, 


4 
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Gembloux (Belgium), Pretoria, Cedar (South Africa), Utah (U.S. A.), 
Groningen, etc., is higher than in country districts free from big 
industries. It will be interesting to note also that the ammonia 
content of rain water collected at Cawnpore (India), which is an 
industrial town is greater than that of Allahabad and Dehradun, 
which are non-industrial places. It seems certain, however, that 
the ammonia content of rain water of non-industrial places in the 
temperate and frigid zones is appreciably less than in places situated 
in the tropics. Hence the total nitrogen which comes to the soil 
from the rain water in tropical countries is appreciably greater than 
in non-tropical places. Consequently, the following statements of 
Miller and Russel need modification: ‘‘No countenance is given to 
the general belief that the Indian rainfall is richer in nitrogen than 
that of England.’’ ‘‘That great differences in climate do not coin- 
cide with material differences in the amounts of nitrogen brought 
down by the rains.’’ (cf. Miller, Chem. Soc, Annual Reports, 1906, 
p. 269). 

“It is evident from all these results that as a source of combined 
nitrogen, the rain is of no great importance to crops—an average of 
wheat or barley will contain eight times nitrogen.’’ (cf. Miller, 
Chem. Soc. Annual Reports, 1913, p. 211). 

‘It is now recognised that the quantities of nitrogenous com- 
pounds present in rain water are too insignificant to exert any 
appreciable effect’’ (cf. Russel, Chem. Soc. Annual Reports, 1919, 
p. 182). 

In poor tropical countries, artificial manures are not much in 
use and naturally the crops and plants have to depend for their 
nitrogen requirements upon the soil which is hardly manured 
artificially and thus the supply of combined nitrogen from the rain, 
which is more important in tropical countries than in non-tropical 
countries, appears to assume importance in tropical agriculture. 


Summary. 


(1) Careful analysis of rain water at Allahabad shows that the 
average amount of ammoniacal nitrogen is 0°31 part in million parts 
of water and of nitric nitrogen is 0°9 part in the same volume of rain 


water. 
(2) The ratio of nitric to ammoniacal nitrogen has been found to 


be 2°9, 
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(3) This high ratio is due to the increased photo-oxidation of 
the atmospheric ammonia and its compounds by the oxygen of the 
air in presence of the ultra-violet light of the sum and the photo- 
chemical combination of nitrogen and oxygen of the air in sunlight. 

(4) From the summary of the analysis of rain water carried on 
in various other countries, it appears that the ratio of nitric to 
ammoniacal nitrogen is greater in tropical countries than in non- 
tropical ones. 

(5) Moreover it also appears that the total nitrogen, which 
falls with rain water on the surface of the earth is appreciably 
greater in tropical countries than in non-tropical countries. This is 
likely to be due to the increased photochemical combination of 
nitrogen and oxygen in tropical sunlight and the increase of ammoni- 
fication of the nitrogenous compounds present in the soil due to 
sunlight and the escape of ammonia produced in ammonification to 
the atmosphere. 

(6) The ammount of ammoniacal nitrogen in rain water of 
industrial centres can be high and seems to depend on the coal 
consumption and decompositian of organic matter. 


CuemicaL LABoRATORY, ; 
ALLAHABAD UNIVERSITY. Received December 27, 1982, 








Viscosity of Liquids, their Boiling Points and 
Critical Temperatures. 
By BatpaaprRa Prasap. 

While working on the Andrade-Sheppard formula (Nature, 1930, 
125, 309, 489) for the viscosity of liquids, log naare , Where 
represents viscosity, a and 6 constants, and T absolute temperature, 
a remarkable relation was found between £ and the boiling point of 
the liquid expressed on absolute scale. In all the liquids examined 
the ratio of 8 to the boiling point of the liquid was found to be 
approximately constant, the ratio always lying between 1°04 and 
1°24. Since the boiling points of liquids on the absolute scale are 
about 0°6 times the critical temperature expressed on the same scale, 
it was expected that a similar relationship would be found between 8 
and critical temperature of liquids. In many cases the critical 
temperatures of the liquids are not known. In cases where the 
critical temperatures are known, it is found that the ratio of 8 to the 
critical temperature is a better constant, the ratio varying only from 
0°64 to 0°73 as the following table shows. 


B Cc 


Liquid. B. nels temp Critical temp. 8/T,. 8/T 


K c’ 
Methyl iodide 315 
Ethyl bromide 311 
Ethy! iodide 345 
Propyl chloride 
Propyl bromide 
Propyl iodide 
isoPropy! chloride 
isoPropy! bromide 
isoPropy! iodide 


isoButyl chloride 
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Liquid. ; Boiling temp. Critical temp. 
T T 


B’ Cc 
isoButy] bromide 
isoButyl iodide 
Allyl chloride 
Allyl bromide 
Allyl iodide _ 
Chlorobenzene 468 635°2 
Bromobenzene 488 6700) 
n-Pentane 398 472 
n-Hexane 370 341 523°3 1°08 


Andrade has given a brief outline of his theory of the viscosity of 
liquids (Nature, 1981, 128, 835). Therein he considers the liquid 
state of matter to be more akin to the solid state. However, a 
relationship between 8 and the critical temperature means a relation- 
ship between Band Van der Waal’s constants ‘‘a’’ and ‘‘b”’ for 
imperfect gases and unassociated liquids. From this it is apparent 
that 8 depends on the Van der Waal’s constants. It is quite likely 
that if we use a formula like Van der Waal’s equation instead of the 
simple gas law in the derivation of the viscosity of gases, we might 
get an equation involving ‘‘a ’’ and ‘‘b ’’ which might be true both 
for gaseous and liquid viscosities. 

All the data for the viscosity of liquids were taken from Landolt- 
Bérnstein’s Tables. 8 for the various liquids was calculated from 
the above data. 


SuMMARY. 


(1) It has been shown that 8/Tp; and 8/Tc are constants where 
Tz and To are the boiling points and critical temperatures of the 
liquids on the absolute scale, and 8 aconstant occuring in the 
formula connecting viscosity and absolute temperature ; logu=a+ 8/T. 

(2) Doubt has been expressed regarding the similarity in the 
liquid and solid state of matter suggested by Andrade. 


CuemieaL Laboratory, 
RAvVENSHAW COLLEGE, ; 
CurrTack. Received December 14, 1032. 





A New Method for the Separation of Lead from Zinc 
and their Subsequent Estimations. 


By Kisnort Mcuan Sin. 


It has been found by Das-Gupta, Roy and Sil (J. Indian Chem. 
Soc., 1928, 5, 657) that hydrogen peroxide and ammonium hydroxide 
can effect a quantitative precipitation of lead even in presence of 
nitrates and acetates of ammonia and alkalis, provided that the 
concentration of the salt present does not exceed the limits stated 
therein. 

With increasing amounts of ammonium nitrate in solutions of 
lead nitrate, the colour of the lead precipitate, found tobe mixtures 
of lead peroxide and oxide in different proportions, varies gradually 
from orange to yellow. These precipitates, on being gently heated 
overasmall flame or in a crucible bath (i.e., placing the crucible 
containing the precipitate on an asbestos ring fitted inside a bigger 
crucible near its bottom and then heating the latter strongly), give 
a yellow residue which on analysis was found to be pure lead 
monoxide. This observation together with the quantitative precipita- 
tion of lead within certain concentrations of ammonium nitrate (4 g. 
per 100 c.c. solution) serves as a basis for the estimation of lead 
in presence of ammonium nitrate by hydrogen peroxide and ammonia. 
There was no action, however, of hydrogen peroxide and ammonia 
on zinc salts, specially zine nitrate, in presence of an excess of 
ammonia, and therefore after precipitation of lead, zinc can be 
estimated by the usual method. 


EXPERIMENTAL, 


To a solution of lead nitrate, dilute nitric acid (1 or 2 drops) was 
first added and the solution was considerably diluted and then 2 c.c. 
of 3% hydrogen peroxide and 2 c.c. of concentrated ammonia 
added for O°l g. of lead, taking care that the total volume was 
always above 100 c.c. The voluminous precipitate so obtained was 
then heated on a water-bath (}—1} hr.; longer in presence of 
ammonium nitrate), when it was converted into the crystalline state. 
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The precipitate was then filtered, washed with hot water till the 
wash-water was free from nitrate, dried and then heated gently over 
@ small flame or in a crucible bath (vide supra) when a yellow residue 
was left behind. The residue was analysed by first converting it 
into the nitrate and then into sulphate. The results are given in 
Table I. 


TABLE I. 

NH,NO; Solo. (8%) Wt. of bat came at og 
added. sestdue. residue. residue. 
5 c.c. 0°1050 g. 0°1427 g. 92°83 
10 00991 0°1347 92°85 
15 0°1258 0°1710 92°84 
20 0°0952 "1293 92°77 
30 0°1144 071554 92°80 
40 0°1131 071534 92°66 
50 0°0470 0°0638 92°74 

0 0°0848 0°1152 92°81 
0 0°0990 0°1356 92°R2 
0 0°1123 0°1526 92°83 


The above results show that the yellow residue is purely PbO, as 
the percentage of lead contained in it corresponds to the theoretical 


value 92°88. 
Estimation of Lead in presence of Ammonium Nitrate. 


Exactly 16°55 g of lead nitrate were dissolved in 600 c.c. of 
water. In this solution, as a check, lead was also estimated as PbSO, 
and as Pb,O;, 8H2O, which gave 0°1037 g. and 0°1032 g. of lead 
respectively in 5 c.c. of the solution; whereas from the weight of lead 
nitrate taken, lead present in 5 c.c. of the solution is 0°1035 g. or 
0°1115 g. as PbO. 

5 C.e. of this lead nitrate solution were taken and mixed with 
different amounts of ammonium nitrate solution. From the mixture 
lead is precipitated by hydrogen peroxide and ammonia and the 
precipitate was washed, dried and then converted into yellow PbO 
and weighed as such. (For particulars, vide infra. The results are 
given in Table II). 3 











SEPARATION OF LEAD FROM ZINC 139 


TABLE IT. 


Pb (NO3)o soln.=5c.c. Wt. of PbO present=0°1115 g. 


NH,NO; soln. (8%) in cc. 5 10 15 20 30 40 50 


Wt. of PbO founding. 01113 O°11138) O'1115 O1117 O1114 02118 01112 


Separation of Lead from Zine and their Estimations. 


About 20°5 g. of zinc nitrate were dissolved in 500 c.c. of water. 
From this solution zinc was estimated as ZnNH,PO, and also 
as ZngP,0, (vide Treadwell and Hall, Vol. II). 10 C.c. of the solu- 
tion gave 0°2470 g. of ZnNH,PO, and 02111 g. of ZngP,0;. 

Measured volumes of lead and zinc nitrate solutions were mixed 
together and the total volume made up to 100 c.c. Lead was preci- 
pitated from this solution with requisite amount of hydrogen per- 
oxide and excess of ammonia. The solution with the precipitate 
was then heated on a water-bath till the precipitate attained a crys- 
talline condition. During the course of heating small amounts of 
concentrated ammonia were occasionally added to replenish the loss 
of ammonia due to evaporation, thus preventing the precipitation of 
any zinc. The crystalline lead precipitate was then filtered and 
washed by decantation with hot water containing ammonia for at 
least 3 or 4 times till the wash-water was free from zinc [tested by 
neutralising the wash-water with dilute nitric acid and then by add- 
ing (NH,),HPO, solution; if any white precipitate or turbidity 
appeared in this test, the turbid solution was added to the main 
bulk of the filtrate and the washing with hot ammoniacal water was 
carried further till the wash-water gave no such turbidity with (NH,)o« 
HPO,]. The filtrate was collected in a porcelain basin (of about 
500 c.c. capacity) and allowed to evaporate on a water-bath after 
being made almost neutral (very slightly acidic) by adding nitric 
acid. The precipitate was finally washed on the filter first with 
warm water and then with a little alcohol which helped a quick 
drying of the precipitate. It was then dried in an air oven at atem- 
perature of 110°-120°. 

The filter paper from which the precipitate had been removed 
was incinerated to ash in a weighed crucible ; dilute nitric acid (a 
drop or two) was added and then the crucible was gently heated over 


5 
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asmall flame. The main bulk of the precipitate was then transferr- 
ed to the crucible and heated over the tip of a small flame or ina 
crucible bath for complete conversion to PbO. An _ occasional 
stirring with a stout platinum wire was helpful to this conversion. 
The crucible with the PbO was then allowed to cool in a desiccator 
and then weighed. 

From the filtrate in the basin, when it reached to a volume of 
about 150 c.c., zine was precipitated as ZnNH,PO, following the 
standard method and estimated as such or as ZngP20;. 

In this way with mixtures of different proportions of lead and zinc 
nitrate solutions, several estimations are made, the results of which 
are given in Table ITI. 

TasLe III. 


Pb (NO3)g Zn (NO3)g HzO. Conc.. PbO PbO ZnNH PO, ZnNH,yPO, 
solution. solution. NH,OH. found. present. found. present. 


1c.c. 50cc. 2c.c. 10c.c. 0°0224 g. 0°0223 g. 1°239 g. 1°235 g. 

1 20 20 1°119 1115 0°0248 0°0247 
50 2 12 0°1114 O°1115 1°238 1°235 
50 10 12 0°5558 0°5575 1°233 1°235 

5 16 0°8892 0°8920 0°1232 0°1235 
10 10 0°224 0°223 0°248 0°247 

5 6 0°223 0°223 0°1233 0°1235 

10 O1112 = O15 0°2468 0°2470 

6 O’1111 Or1115 0°1235 0°1235 

6 0°0222 0°0223 0°0249 0°0247 

10 0°3339 0°3345 0°3698 0°3705 

6 0°0444 0°0446 0°0492 0°0494 

10 0°0448 0°0446 0°9883 0°9880 

10 0°1118 0°1115 0°6169 0°6175 


ZngP2O7 Zn2P,07 
found. present 


0°0445 0°0446 0°4224 0°4222 
0°2233 0°2230 0°2115 o°2ii1 


0°8915 0°8920 0°10538 0°1055 
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It has also been studied that the precipitations of lead in presence 
of chlorine ions by hydrogen peroxide and ammonia are quantitative. 
But these lead precipitates on ignition do not form pure PbO. The 
nature of these lead precipitates and also that of their ignited 
products are under investigation, which will form the subject matter 
of a separate paper. 

In conclusion, I am much thankful to Dr. D. N. Mallik, Principal, 
Carmichael College, Rangpur, for his kind permission and giving me 
every facility to conduct this work in the Chemical Laboratory of the 
College and also to Mr. P. N. Das-Gupta, M.Sc. of the Calcutta 
Soap Works and to Mr. J.C. Das, M.A., Professor of Chemistry, 
Carmichael College, Rangpur, for their occasional guidance and for 
the kindness they have shown in fully revising the paper. 


CHEMICAL LABORATORY, 
CARMICHAEL COLLEGE, 
RANGPUR. Received January 20, 1933. 




















On the Viscosity of Liquids and the Dependence of the 
Viscosity Constants on Constitutional Factors. 


By BALBHADRA PRASAD. 


Porter (Phil. Mag., 1912, 23, 458) showed that the logarithm of the 
mobility (inverse of viscosity) of a liquid plotted against the logari- 
thm of its vapour pressure at the same temperature gave a straight 
line. In other words, 


Log » = m log p+C, one (1) 


where n represents viscosity, » vapour pressure and m and C, two 
constants. From the integration of the Clausius-Clapeyron equation 
connecting Q (heat of evaporation), p (vapour pressure) and T 
(absolute temperature), it follows that 


logp = - gts one (2) 


By combining equations (1) and (2) we get 


log 7 = a + iH ‘ae (3) 

am 

where a and 8 are constants, an equation given in the form! = Ae®? 
] 

b 


by Dunn (Trans. Faraday Soc., 1926, 22, 401), inthe form y= Ae™ 
by Andrade (Nature, 1930, 125, 309) and in the form log ¢= — ; +C 


where g=1 by Sheppard (Nature, 1930, 125, 489). Porter (loc. cit.) 
| 


suggested 
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where , represents viscosity and M mobility ( : ). It is surprising 
B 
that Porter did not suggest that f (un) =log pn. 


The relationship which Porter finds between T/7, and T where T 
and T, are the temperatures of the two liquids at which their viscosi- 
ties are the same, can really be derived for unassociated liquids from 


log 7 =a+ - By combining two such equations, it can be shown 


that 


T ana L B 
Doge. o + [. 
To By Bo 


In other words 7/T, plotted against T will give a straight line as 
found by Porter (loc. cit.) 

It is difficult to understand why T/T, plotted against T should 
give a straight line in the cases where one or both of the liquids 
are associated. The formula which Andrade (Nature. 1930, 125, 
582) suggests for the associated liquids has the form 


B 
log nop = a9 +7 . 


T,-36 


If we combine this equation with log y=a + . , the equation repre- 


senting the viscosity of unassociated liquids, we get 


PoP m(T,-) +k ... (4) 


5 =m'T + ki aes (5) 


So if Andrade’s formule be correct, T/T 9 plotted against 7 should 
not give a straight line if one or both of the liquids are associated. 
Actually it does, as shown by Porter in case of mercury and the water 
(loc. cit.). Andrade (loc. cit.) also considers this to. be an unfailing 
rule. Some more substances are being examined by the author to 
test the correctness or otherwise of this relationship. 


The object of the present paper is two-fold: first to test the 
formula for non-associated liquids and secondly to see the extent to 
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which the constants « and 8 depend on the constitution of the 
compounds. The following liquids have been examined: pentane, 
isopentane, hexane, isohexane, heptane, isoheptane, octane, methy! 
iodide, ethyl iodide, propyl iodide, isopropyl iodide, butyl iodide, 
isobutyl! iodide, allyl chloride, allyl bromide, allyl iodide, ethy! bromide, 
isopropy! chloride, isopropyl bromide, propyl chloride, propy! bromide, 
isobutyl] chloride, isobutyl bromide, mono-chloro-benzene, and mono- 
bromo-benzene. 


EXPERIMENTAL. 


Experimental Test of the Formule for the Viscosity of 
Unassociated Liquids. 


In the following Tables a, 8, » (observed), 4 (calculated) and 
the % difference between the calculated and observed results for 
the various liquids are given. 


n-Pentane. i_oPentane, 
a=4°2600. B=828. a=4°2104, B=839, 
t°. no) *108,  n(c) x 108. % Diff. t°. = nlo) x 108. nlc) x 108, % Diff. 
0 2894 2893 0-0 0 2833 2833 0°0 
10 24 2624 0°0 10 2564 2563 0°0 
20 2395 2395 0-0 20 2331 2330 0°0 
30 2200 2200 0°0 
n-Hexane. isoHezxane. 
a= 4°2495. 8=3870. a= 42358, B=3866. 
t*. lo) x 108. nf(c)x 108. = % Diff. t®. nfo) x 108, -n(c) x 108. —-% Diff. 
0 4020 4025 01 0 3760 3771 03 
10 3602 3605 ol 10 3381 3381 0-0 
20 3258 3253 02 20 3061 3054 02 
30 2963 2955 0°3 30 2791 2778 00 
40 2708 2701 03 40 2541 2542 00 
50 2483 2482 00 50 2331 2339 03 


60 2288 2294 03 60 2161 2162 00 
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Heptane. 


a=4'23386. 6=406. 
nlo) x 108, (ce) x 108. % Diff. e. n(o) x 106, 
5236 5249 0-2 50 3105 
4658 0°2 60 2841 
4162 0-0 70 2617 
3746 0-2 80 
3395 0°4 90 


isoHeptane. Octane. 


a=4°'2316, B=396. a =4°'1790. B=4656. 


n(0) x 108. (c) x 108, °%, Diff. f. n(0) x 108. nfc)x10® % Diff. 
4811 4811 00 0 7060 7068 01 
4278 4268 02 10 6159 6169 0"1 
3842 3830 03 20 4828 4830 03 
3472 3456 05 4828 4830 00 
3152 3139 "4 40 4328 4324 01 
2881 2668 04 50 3907 3897 0°38 
2642 2635 03 60 3535 0°5 
2426 2433 03 70 3224 05 
2242 2254 05 80 2957 0°5 
2087 07 90 2724 02 

100 2521 00 
110 2342 0'3 
2184 11 


Propyl chloride. isoPropyl chloride. 


a=4°3190. B=362. a=4'2480, B=872., 


n(0) x 108, n(c) x 108. % Diff. t°. (0) x 108. n{c) x 108, % Diff. 
4416 4416 00 4080 0-0 
3963 3963 0°0 0r2 
3589 3583 02 ol 

3264 00 o1 
2989 00 
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isoButyl chloride. 


a 2 4°2203. 


n(0) x 108. 


n(c' x 108, 


5884 
5188 
4612 
4134 


3731 
3388 
3091 


B= 423. 
% Diff. 
ol 
00 
Ol 
01 


01 


Chlorobenzene. 


a= 4°3278. 


n(o) x 10.6 
9582 
8969 
S391 
7904 
7435 
6659 
5991 


n(c) x 10.8 
9582 
8969 
8416 
7912 
7452 
6637 
5981 


8B = 468. 


% Dil. 
00 
0.0 
o3 


a= 4°3299. 


1° 
0 4127 
10 3718 
3374 


8074 


nO) x 108, 


Allyl chloride. 


ne) x 108, 
4127 
8717 
3372 

3075 

2827 


Bromobenzene. 


a=4°4240. 


t°. no) x 10.6 
14076 
13173 
12271 
11369 
10647 


n(c) x 10.6 
14076 
13135 
12289 
11525 
10825 

9619 
8609 


8=851. 


% Diff. 
00 
00 


ol 


B = 488. 


he 


Ethyl bromide. Propyl bromide. 


a=4°4601. B =-335. a=4°4216. B = 380. 


nfo) «10.6 n(c)x10.6 % Diff. no) « 10.6 — nc) x 10,8 % Diff. 


48€6 
4407 
4020) 
3678 


4869 
4406 
4015 
3681 


01 
0°0 
01 
orl 


6509 
5815 
5241 
4748 

| moe 
3966 
3563 
3874 


659 
~. 5813 


a 


5230 


0°0 
00 
0°2 
o1 

04 
o1 

0°0 
o2 
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. Allyl bromide. isoPropyl bromide, 


a=4'4310, © 6 = 373. ‘a=4°3582. B = 390, 
t®. n(o)x10.6 nfc)x10.6 % Diff. t®. nfo)x10.6 nfc)x10.6 &% Diff, 
6258 6241 03 0 6106 6119 0°2 
5595 » §597 00 10 5448 5447 0°0 
5037 5047 0°2 4894 4889 01 
4581 0°0 4419 04 
0°2 0°2 
00 00 
02 
04 
isoButyl bromide. 
a=4°3062. ~ = 440. 
t°. nlo) «108 xn(c)x10% % Diff. t®, lo) «108. x(c)x19%. % Diff. 
0 8277 8277 0°0 4695 0°8 
7257 o1 4265 0°6 
6433 6424 ol 3902 03 
5749 5737 02 ol 
5179 5156 04 1°2 


Methyl iodide. Ethyl iodide. 


a=4°5728. B = 380. a=4°5501. £6 = 358. 


t®. nlo)x10%. n(c)x10%. % Diff. t®, nlo)x 108, n(c)x10% % Diffs 
0 ol 7269 7269 0°0 
0°0 6537 6533 o1 
0°0 5925 0°2 
02 5403 02 
0°4 ol 


01 
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Propyl iodide. isoPropyl iodide. 


a=4'4755. B= " a=4'4406, 8 = 411. 


nlo) x 10°. n(c) x 108. t°. no) 10% nlc)x10. % Diff. 
9435 9409 . 8841 8882 01 
8332 8830 : 0°0 
7432 7432 , 0°0 
6689 ol 
6156 fi 01 
01 
0°0 
ol 
0°5 
4002 
8732 
Butyl iodide. isoButyl iodide. 


a=4°4414. B= 445. a=4°8715. B=461, 
nlo) x 108. nlc) x 108. % Diff. n(o) x 10%. nlc) x 108. 

10320 10320 0-0 11660 11490 
9701 9695 o1 10010 10010 
9166 9123 05 8753 8808 
8635 8630 01 7815 
8189 8128 07 6987 
7298 7297 0°0 6290 
6762 6598 2°5(?) 
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Allyl iodides 


a=4°4537. B=414. 
t*. nfo) x 10% n(c)x10% % Diff. 


0 9358 9337 02 
10 8255 8252 0°0 
20 7338 73: 0°0 
30 03 
40 

50 54s Ol 
0-2 

0°2 

01 

3927 03 

100 8652 3661 o3 


All the observed values except those of chiorobenzene, bromuben- 
zene and- butyl iodide have been taken directly from the Bornstein- 
Landolt’s table. The values for chloro- and bromobenzenes have been 
taken from John Castell-Evans Physico-Chemical Tables Vol. II, 
pages 588-589 and those for butyl iodide have been calculated from 
the values of relative viscosities given in Bornstein-Landolt’s table. 

It is evident from the tabulated values of observed and calculated 
viscosities that agreement between the calculated and observed 
values is quite good. In very few cases indeed the difference between 
the two values exceeds 0°5 %. All differences greater than 1% can 
safely be assigned to experimental errors (in case of unassociated 
liquids only). 


The Dependence of a and B on Constitutional Factors. 


aand Bin the homologous series.—The only regularity which 
is noted in the a values of compounds belonging to a homologous 
series is that a goes on decreasing as more and more CH, 
groups are added. The difference between the a values of two 
compounds differing either by a CH, or by C.H, group is far from 
constant. ‘There is no regularity to be observed even if antilog a, 
i, 6., ‘‘A’’ values of Andrade are compared. 
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8 values show some regularity when the values of the two com- 
pounds differing by aC.H, group is compared. However, there is 
no regularity if the values of two compounds differing by CH, group 
are compared. The difference between the 8 values of n-pentane 
and n-heptane is 78, n-hexane and n-octane 87, methy! iodide and 
propyl iodide 79, ethyl iodide and butyl] iodide 87. These differen- 
ces may be considered to be approximately constant. 


Effect of Replacing Chlorine by Bromine and Bromine 
by Iodine. 


In the following table a, 8 and A are given for a number of 
chlorides, bromides and iodides. The difference between a, 8 and 
A values of the chlorides and corresponding bromides and that 
between the bromides and corresponding iodides are indicated by 
Aa, AB and AA 

Liquid. a. Lax 104, Axl’. AAxI0. 8B. 

Chlorobenzene 4°3278 

Bromobenzene 4°4240 

Ethyl bromide 14601 

Ethyl iodide 4°5501 

Propy! chloride 4°3190 

Propy! bromide 4°4216 

Propyl iodide 4°4755 

isoPropyl chloride 4°2480 

isoPropyl bromide 4°3582 

isoPropy! iodide 4°4406 

isoButyl chloride  4°2203 


isoButy] bromide 43069 


isoButyl iodide “4°3705 
Ally! chloride 4°8299 
Allyl bromide 44310 1011 22 
Allyl iodide 4°4537 227 ‘ 150 414 4l 


As is evident from the tabulated values that there is no relation- 
ship among the aor A values of chlorides and corresponding bromides 
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and iodides. The difference between the £8 values of chlorides and 
bromides may be considered to be approximately constant. It varies 
from 17 to 22. The corresponding difference between the bromides 
and iodides varies from 21 to 41, and so cannot be considered cons- 
tant even approximately. 


SuMMARY. 


(1) The equation log y=a+ f connecting the viscosity of liquids 


with temperature is derived from the Porter’s empirical relation 
between the vapour pressure and viscosity. 

(2) The viscosity of 25 liquids has been calculated from the 
above equation and compared with the experimental values. 

(3) No relationship between a and chemical constitution is found. 

(4) The difference between the 8 values of two compounds 
belonging to the same homologous series and differing in molecular 
weight by C,H, is about 80. 

(5) The difference between £ values of chlorides and correspond- 
ing bromides is about 20. 


CHEMICAL LABORATORY, 
RavensHAw CoLLece, Curtack. Received February 7, 1933. 





The Kinetics of Coagulation of Ceric Hydroxide Sol. 


By M. V. Nasar anv Mata Prasap. 


Smoluchowski’s equation (Physikal. Z., 1916, 17, 557) for the 
kinetics of coagulation of a sol by electrolytes has been examined 
by several workers in the case of various sols. Mukherjee and 
Papacenstantinou (J. Chem. Soc., 1920, 117, 1563; see also 
Mukherjee and Majumdar, J. Chem. Soc., 1924, 125, 785) studied 
the coagulation of the gold sol by different concentrations of several 
electrolytes spectrophotometrically and found that the ratios t,: 

where ¢,, tg, t3, etc., are the times since mixing of the 
electrolytes of various concentrations required for the sol to reach the 
same stage of coalescence, are to a certain extent independent of the 
stage of coalescence. Desai (Trans. Faraday Soc., 1928, 34, 181) 
also found in the case of the coagulation of thorium hydroxide sol that 
these ratios were fairly constant for certain concentrations of the 
coagulator. 

The kinetics of the coagulation of the ceric hydroxide sol by 
electrolytes has been studied in the present investigation and samples 
of the sol dialysed and diluted to different extents have been used. 
The results obtained have been utilised for determining the conditions 
for observing the autocatalytic nature of the coagulation process. 


EXPERIMENTAL. 
Preparation of the Sol, 


The concentration of the sol prepared by dialysis of a solution 
of ceric ammonium nitrate changes with the progress of the 
dialysis and therefore, the sol, used in this investigation was 
prepared by precipitating ceric hydroxide from a solution of ceric 
ammonium nitrate with excess of ammonium hydroxide. The 
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precipitate was washed free from ammonia, suspended in dis- 
tilled water and boiled, At intervals of a few minutes, two or three 
c.c. of 2N HCl were added to it and the mixture was stirred vigo- 
rously. By adding fresh water to the mixture from time to time 
the boiling was continued until a fluorescent golden yellow sol 
of ceric hydroxide was obtained. This sol was then continously 
dialysed for several days and the samples of the sol were taken 
out whenever required. The colloid content of the sol was 
estimated by coagulating the sol by ammonium chloride, washing 
the coagulum free from chloride and weighing it as CeO,. The 
concentratién of the sol was thus found to be 4°98 g. CeO, per litre 
and it remained constant during the entire period of dialysis. The 
coagulation velocity was followed by the thermopile method used 
by Mukherjee and Majumdar (loc. cit.). Theceric hydroxide sol is 
coloured yellew and on coagulation becomes dirty white; hence the 
sample of the sol, used for the coagulation experiments, was placed 
in an optical cell which served as the colour filter to cut off the light 
that would be absorbed by the sol prior to coagulation. 


A mixture of 5 c. c. of the sol and 5c. c. of distilled water was 
placed in the optical cell and the observed deflection gave the initial 
reading before the coagulation sets in. Then 5 ce. c. of the sol were 
mixed with a solution of sodium or magnesium chloride which was 
made up to 5c. c. by the addition of distilled water, and the time of 
mixing was noted. The mixing of the sol with the electrolyte was 
done in the same way throughout the investigation. The mixture 
was then transferred to the cell and the deflections of the galvano- 
meter were noted at different intervals. Such observations were 
taken with the original sol as also with the sols diluted twice and 
four times with distilled water (sols A, A/2 A/4). The results 
obtained are shown in Figs. 1-6, in which the deflection differences 
(D,-D,), where D, is the initial deflection and D,, the deflection 
observed at time ¢ after mixing the sol and the electrolyte, are 
plotted against ¢. 


Curves 1—5 in Figures 1—3 refer to 450, 400, 350, 300 and 250 
m. moles of NaCl per litre: curves 1—8 of Figures 4—6 refer to 
8, 0°7 and 0°6 m. moles of NaCl. 
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Fig, 1. 


Sol dialysed for 2 days (Sol A/2.) 


Deflection difference. 








Deflection difference. 
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Fig, 4. 
Sol dialysed for 16 days. 
Sol A 


Deflection differenct. 








Fic. 6. 
Sol A/4 


1 
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Deflection difference, 








Deflection difference. 








Discussion. 


The coagulation velocity curves for sols A dialysed for 2 days are 
‘S’ shaped and shown in Fig.1. Those dialysed for 6 and 10 days are 
also similar. The nature of the curves is changed when the sol is 
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further dialysed (cf. Fig. 4). This has been observed to be the case 
when either sodium or magnesium chloride is used as the coagulating 
electrolyte. The ‘S’ shaped nature of the curve is also found to 
disappear when the sol dialysed for different days is diluted (cf. Figs. 
2, 3, 5, and 6). It, therefore, appears that the ‘S’ shaped nature of 
the coagulation velocity carves is intimately connected with (i) the 
amount of the stabilising ions and (ii) the concentration of the 
colloid. These results are in agreement with those obtained by 
Patel and Desai (Trans. Faraday Soc., 1930, 26, 106, 128) on thorium 
hydroxide sol. 


The ‘S’ shaped nature of the coagulation velocity curves can be 
explained as done by Patel and Desai (loc.cit.) on the first and the 
second critical potential of Freundlich. But Desai and co-workers 
have found that with the progress of dialysis, the charge on the 
particles of the gold and thorium and ferric hydroxide sols first 
increases, reaches a maximum and then begins to decrease. In view 
of these results it is apparent that the potential of the colloid parti- 
cles will for some days of the dialysis increase and will cause a 
slowing down in the rate of coagulation. The coagulation velocity 
curves should, therefore, become more and more ‘S’ shaped. The 
measurement of the charge on the colloid particles with the progress 
of dialysis should, therefore, be made before the above explanation 


can be expected. 


The values of t for the same stage of coalescence have been read 
from the coagulation velocity curves for sols dialysed for 2, 6, 10 
and 16 days and coagulated by different amounts of the two electro- 
lytes. The values of the ratio are given in the tables I-IV. It 
will be seen from the results that the values of the ratios 7,,/T 
are nearly constant for sol dialysed for two days and coagulated 
by solutions of sodium and magnesium chlorides of different con- 
centrations. However the deviations of the values of T7,/T from 
the mean increase as the concentration of the electrolyte is decreased 
and the sol is further dialysed (cf. Tables for 6, 10 and 16 days), 
It appears that in addition to the concentration of the coagula- 
tor, the stage of coalescence of the particles may be another 
important factor which determines the applicability of Smoluchowski’s 


equation. 
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TaBLE I 


Sol (A) dialysed for 2 days. Sol (A) dialysed for 6 days. 
Deflection Conc. of NaCl in m. Deflec- Conc. of NaCl in m. 
diff. mols/litre. tion diff. mols/litre. 
450 400 350 300 250 62°5 56°25 50 43°75 
T 1;/T TT T3/T T/T T 1,/T 1,/T 1;/T 
1 19 #27 389 54 1'3 2°5 58 
1 18 24 35 4 14 2°1 
18 23 3°56 4° 1°4 2°3 
18 23 35 4 ; 2°4 


18 23 36 


TaBLeE II. 


Sol (A) dialysed for 10 days. Sol (A) dialysed for 16 days. 


Deflection. Conc. of NaCl in Deflection Conc. of NaCl in 
diff, m. mols/litre. diff. m. mols/litre. 


13°75 195 11°25 10 7 6 
T T/T %/T 1;/T T/T T/T 
1 12 382 65 1-9 17 
1 25 46 2'1 

2"1 2°5 

20 4 , 29 

19 3 33 

19 «3 34 

19 3 3°6 
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Taste III. 
Sol (A) dialysed for 2 days. Sol (A) dialysed for 6 days. 


Deflection diff. Conc. of MgCl, Deflection diff. Conc. of MgCl» 
in m. mols./litre. in m. mols./litre. 


175 150 125 31°25 28125 25°0 
T T,/T 12/T 4 T,/T T/T 


1 17 26 1 19 89 
18 2% 1 17 
174 5 17 
7 2 17 
17-26 17 


1'8 2°6 16 


TABLE LV. 


Sol (A) dialysed for 10 days. Sol (A) dialysed for 16 days. 


Deflection Cone. of MgCl, Deflection Cone. of MgCl, in 
diff. in m. mols./litre. diff. m. mols./litre, 


75 *25 5°625 4°0 3°5 3°U 
T,/T T/T T 7,/T T./T 


73 80 1 20 8660 
26 «73 ' 1 70 
73 
16 
20 
24 
28 1 
82 1 
CuemicaL LABorATORIEs, 


Tue Royat Instrrute or Science, Received January 7, 1933. 
Bombay. 








Presence of Formaldehyde in the Terrestrial and 
Solar Atmospheres. 


By N. R. Doar anp Atma Ram. 


In a recent communication (Nature, 1932, 130, 313) we have 
reported that freshly collected rain water contains appreciable 
amounts of formaldehyde. In the months of June, July, August, 
and September, 1932, we analysed numerous samples of rain water 
and estimated quantitatively the amounts of formaldehyde present 
per litre of freshly collected rain water by the well known iodine 
method. We have observed that the amount of formaldehyde 
varies from 0°00015 g. to 0°001 g. per litre of rain water. We have 
found that the quantity of formaldehyde present in a particular 
sample of rain water becomes exceedingly small, if it is collected 
after a very heavy shower. In order that appreciable amounts of 
formaldehyde may-be detected in a sample of rain water, the rain 
water should be collected after some sunny days and it should be 
analysed immediately after collection. 

It is well known that carbonic acid and water vapour exist in 
the atmosphere and under the influence of ultraviolet light from the 
sun, they should combine and form formaldehyde and oxygen. 
Hence it seems probable that formaldehyde should be present in 
the atmosphere. If appreciable amounts of formaldehyde were 
present in the atmosphere, it should be partially washed down with 
rain water. 

It is generally believed that hardly any radiation from the sun 
shorter than 2900A is available on the earth’s surface. Moreover, it 
is assumed that a very thin layer of ozone (3 mm. when reduced to 
760 mm. pressure) formed in the atmosphere at higher altitudes, 
is capable of absorbing solar radiations shorter than 2900A. This 
ozone is supposed to be to be formed by the absorption of shorter 
radiations by the oxygen of the atmosphere. 

As a result of absorption measurements various physicists notably 
Fabry and Buisson (Astrophys. J., 1921, 64, 297 ; Mecke, Trans. 
Faraday Soc., 1931, 29, 375), Dobson (Proc. Roy. Soc., 1930, A 129, 
411) and others have concluded that the mean altitude of the 
ozone layer in the atmosphere is about 50 kilometers. 
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Our experimental observations on the existence of formaldehyde 
in rain water show that it is present in the upper layers of the at- 
mosphere. We are of the opinion that this formaldehyde is formed 
in the atmosphere as a result of the photochemical combination of 
carbon dioxide and water vapour present in the atmosphere under 
action of ultraviolet rays from the sun. It will be interesting to 
note that Lob (Z. Elektrochem., 1906, 12, 282) reported to have 
obtained only traces of formaldehyde on passing a silent electric dis- 
charge in moist corbon dioxide, but Lunt (Proc. Roy. Soc., 1925, 
A 108, 172) is of opinion that a-particles, 8-rays and the corona dis- 
charge in carbon dioxide and water vapour do not cause the forma- 
tion of formaldehyde or formic acid. 

It is well known that the reaction, 
CO 2+H,0+ 112000 Calories= HCHO + Og " 

requires ultraviolet light of wave-length 2550 A. In this 
connection it should be noted that we have shown in this 
laboratory that very seldom all the active rays are absorbed 
by an absorbing solution and hence it appears that all 
short ultraviolet rays coming from the sun will not be absor- 
bed by the ozone layer present in the atmosphere. Some of the 
short-wave radiations are likely to pass through the ozone layer and 
decompose water into H and OH and these hydrogen atoms may 
reduce CO, to formaldehyde. This reduction of carbon dioxide by 
atomic hydrogen appears to be accelerated by the action of short- 
wave radiations. The heat of dissociation of water into H and OH 
is 110,000 calories. In other words, the energy required in the for- 
mation of a gram mole of formaldehyde from carbon dioxide and 
water is practically the same as that required in the breaking of the 
H—OH link. As the energy requirements of both the reactions 
are the same, it appears that the chemical change involved in car- 
bon assimilation is the photo-decomposition of water into H and OH. 
It appears that the function of chlorophyll and carotinoids present in 
leaves is that of a photo-sensitiser as well as that of a reducing agent 
helping the photo-reduction of carbonic acid. But the chief chemi- 
cal change in photosynthesis appears to be the photolysis of water 
into H and OH by the absorption of energy of the sun. 

In recent years the existence of free OH radical has been postu- 
lated by numerous workers. Thus Haber and his collaborators 
(Z. Physikal. Chem., 1928, 187, 263; Z. Elektrochem., 1930, 36, 
711), Hinshelwood (Proc. Roy. Soc., 1928, A 118, 170) and Franken- 
burger (Trans. Faraday Soc., 1931, 27, 431) have advanced the view 
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that OH radicals are formed in the combination of hydrogen and 
hydrocarbons with oxygen. Similarly the existence of OH has been 
assumed in the chain mechanism involved in the photochemical 
combination of chlorine and hydrogen in presence of moisture. Very 
recently, Franck and Haber (Ber. Berl. Akad., 1981, 250), Haber and 
Wansbrough-Jones ( Z. Physikal. Chem., 1932, 18B, 103), Farkas 
and Wansbrough-Jones (ibid., 124) and others have suggested that 
not only in photochemical reactions taking place in aqueous solu- 
tions but also in catalytic and enzyme reactions OH radicals play 
an important réle. It has been postulated that in many photo- 
chemical reactions taking place in aqueous solution, the primary 
change is the photolysis of water into H and OH. The secondary 
reactions are believed to take place between the atomic hydrogen and 
the OH radicals and the other substances present in the system. 

It appears, therefore, that the mechanism of the formation of 
formaldehyde in the atmosphere is the same as that taking place in 
plants, the first stage being the photochemical decomposition of 
water into H and OH. Very recently Henri and Schou (Z. Physik, 
1928, 49, 744) and Herzberg (Trans. Faraday Soc,, 1931, 27, 378) 
have measured the ultraviolet absorption of formaldehyde vapour 
and they are of opinion that the absorption spectra extend from 


8700 A to 2500 A and that there are about 35 to 40 bands between 


2500 A and 3700 A. The maximum absorption at 2935 A is charac- 
teristic of aldehydes. 

It is apparent, therefore, that not only ozone but also formal- 
dehyde present in the atmosphere absorbs short rays of the solar 
Hence the absorption of solar radiations shorter than 


radiations. 
2900 A which has been so far attributed to the presence of ozone 
may be partially due to the formaldehyde present in the atmosphere. 
Formaldehyde in the atmosphere may also be decomposed under 
the influerce of light. Recent experiments of Norrish and Kirkbride 
(J. Chem. Soc., 1931, 1518) show that the main products of the 
photochemical decomposition of formaldehyde are carbon monoxide 
and hydrogen. It is evident, therefore, that the following 
equilibrium 
HCHO == CO+H, 

may exist in the atmosphere. It is well known that the upper 
atmosphere is rich in hydrogen. Consequently due to the presence of 
hydrogen, the photo-decomposition of formaldehyde will be markedly 


8 
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hindered and appreciable amounts of formaldehyde can exist in the 
atmosphere. 

The following lines in the solar spectrum are attributed to the 
presence of OH group in the absorbing atmosphere of the sun. The 
OH lines in the solar spectrum may be due to the presence of OH 
formed from the photo-decomposition of water as depicted below : 


H,O ——> H + OH. 
Wave-lenth. Totensity. Wave-length, Intensity. 
3267°063 1 3147°448 1 
3255°498 3146°935, 1 
8238°554 3146 °599 1 
3233°670 3145°527 
3229°884 3139°165 
3226°447 3137°897 
3218°07 3136°891 
$213°475 3136°591 
8210°725 3134°338 
3210°481 3131°447 
3210°047 3130°568 
8209°435 3123°777 
3206°239 3128°522 
8203°981 3127°098 
3202°698 3126°618 
$202°258 3124°919 
3200°963 3123°260 
3193°055 3123°444 
3191800 8122°571 
3189°318 3122°220 


3188°060 $117°770 


3181*991 8117-202 
3181642 3117°038 
g180°492 3114°779 
g179°967 8114°629 
8177681 3113°098 
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Wave-length. Intensity. Wave-lengths Intensity. 
3175°315 3106°033 2 
3174°381 3105°678 l 
3L74°491 3104°350 = 
3172°998 3103°285 
3169°862 81027149 
3169°617 3101°243 
3168°956 3099°576 
3167°178 3099°417 
3166336 3098°589 
3164°549 3096625 
31613902 3096°139 

3095 °348 

8094°627 

3094°470 

3093°609 
3152°458 3092°404 
3151°006 3091°372 

3091'214 
3090°869 3077 °028 
3090°487 8075°136 
3090°375 3074°386 
3089 °869 3072°183 
3089°746 ‘ 3071°146 
3089°00L 3070°493 
3087 °454 3070°381 
3087°346 3069°916 
3086°230 3069°182 
3085°207 ‘ 3068°797 
3084°898 3068599 
8084056 8068 °282 
3083°283 3067 658 
3081°551 3064956 
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Wave-length. Intensity. Wave-length. Intensity 
8081°248 2 3064°217 2 
8080°246 0 8063°556 3 


These lines have been obtained from the publication of St. John, 
Moore, Ware, Adams, Babcock (Carnegie Institution of Washington, 
1928). 

Moreover, hydrogen also escapes in the air from the occluded 
gases inside the earth and in marshy places. Also it can come to 
the atmosphere from the probable photo-decomposition of hydrocar- 
bons like CH,, C,H, and of H,S, ete. It is well known that 
ammonia exists in the earth’s atmosphere. Moreover, Fowler and 
Gregory (Phil. Trans., 1919, A248, 351) have concluded from 
spectroscopic evidence that ammonia is present in the absorbing 
atmosphere of the sun. It is generally believed that cyanogen gas 
is also present in the solar atmosphere. 

Recently Dhar (Z. anorg. Chem., 1932, 206, 270) has shown that 
several unidentified lines in the solar spectrum agree fairly well with 
the absorption spectra of formaldehyde vapour. Hence it has been 
concluded that formaldehyde may also form one of the ingredients 
present in the absorbing atmosphere of the sun. Moreover, it 
appears that free hydroxyl group is also present in the solar 
atmosphere. 

What is the origin of these substances in the solar atmosphere ? 
Very little is known about this point. In view of the various facts 
cited above, it is not at all surprising that formaldehyde is present 
both in the solar and the earth’s atmosphere. 

Further work in this line is in progress and we are trying to find 
out whether there is a relation between the incidence of thunder- 
storms and the amount of formaldehyde in the atmosphere. 


SuMMARY. 


1. Formaldehyde is present in rain water to the extent of 
0°00015 g. to 0°001 g. per litre of freshly collected rain water. 

2. It appears that the energy required in the formation of 
formdehyde from carbon dioxide and water vapour is the same as 
that required in the breaking of the H—OH link and the first stage 
in photosynthesis is the photo-decomposition of water into H and OH. 
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3. The formation of formaldehyde in the terrestrial atmosphere 
and in plants appears to be due to the reduction of carbon dioxide 
by the atomic hydrogen formed from the photolysis of water. 

4, Several absorption lines in the solar spectrum are attributed 
to the existence of OH radical and formaldehyde in the absorbing 
atmosphere of the sun. 

5. The decomposition of formaldehyde is hindered by the 
presence of hydrogen in the atmosphere. 


CHEeMIcAL LABoRAToRY, 
ALLAHABAD UNIVERSITY. Received December 27, 1932. 

















Studies on the Decomposition and Reactions of Urea. 
Part III. Reactions of Urea with Amines 
and Amino-acids. 


By JNANENDRA Monon Das-Gupta, 


The reactions of urea with amines and amino-acids, specially in 
aqueous solution, are of particular interest in connection with the 
much controverted constitution of ‘* ureastibamine,’’ obtained by the 
action of excess of urea on p-stibanilic acid in warm aqueous solution 
(Brahmachari, J. Indian Med. Res., 1922, 10, 492). Since it is a 
complex mixture, the constituents of which cannot be easily isolated 
and purified.partly due to their gelatinous character, the results 
simply based on their analytical data are likely to be misleading. 
Other similar aromatic amino-acids, which are not uynatable like 
p-stibanilic acid and the reaction prodycts of which can be easily 
obtained in pure and crystalline states, have, therefore, been pelected 
for comparing their actions on urea under similar canditions. In 
the case of aniline (or the hydrochloride), the reactions have been 
carried usually with an increasing proportion of urea, while Baeyer 
(Annalen, 1864, 131, 252), Girard (Ber., 1878, 6, 444), Davis and 
Underwood (J. Amer. Chem. Sec., 1922, 44%, 2595), Weith 
(Ber., 1876, 9, 821), Fleisher (ibid., 1876, 8, 998), Davis and 
Blanchard (J. Amer. Chem. Soc., 1923, 46, 1816) have carried the 
reactions with an increasing amount of the base (aniline). Different 
results have, therefore, been obtained with respect to the relative 
yields of the substituted ureas formed. 


EXPERIMENTAL. 


Aniline (or hydrochloride) and urca.—The reaction products 
(phenyl and diphenylurea) are washed with water (20-30 a.c.) 
and separated by means of 50 %, alcohol. 
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p-Aminobenzoic acid and urea.—A mixture of p-aminobenzoic acid 
(5 g.), urea (8 g.) and water (20 c.c.) was heated in a small flask on 
a water-bath for 2 hours. The amino-acid gradually dissolved and 
after about an hour a gelatinous precipitate separated out. The 
mixture was next diluted with water (20c.c.) and filtered. The 
precipitate, after being thoroughly washed with water, was extracted 
with hot alcohol and filtered. The filtrate on evaporation yielded a 
white powder (2°2 g.) not melting below 275° and on analysis it was 
found to be carbamido-p-aminobenzoic acid. (Found: N, 15°23. 
C,H,O3Ng requires N, 15°55 per cent). 

The precipitate, insoluble in aleohol, was dissolved in alkali and 
reprecipitated with acid and the precipitate was washed with 
alcohol. The residue (about 0°3 g.) was found to be carbo-di-p-amino- 
benzoic acid. (Found: N, 91. Cy5;Hy90;No requires N, 9°3 per 
cent). 

The -filtrate from the above precipitates, on acidification with 
dilute hydrochloric acid, yielded carbamido-p-aminobenzoic acid 
(1 g.) not melting below 270°. Evidently this was present in 
the solution as the ammonium salt, since the filtrate gave strong 
smell of ammonia on adding dilute alkali in the cold. - The filtrate 
from the second precipitate was concentrated and then neutralised 
with ‘dilute alkali and cooled, when a erystalline precipitate of 
p-aminobenzoic acid (0°8g.), m. p. 116°, was obtained. It must also 
have been present in the solution as the ammonium salt. 

The results obtained with various amines, amino-acids. etc. are 
shown in the annexed tables. 
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Discussion. 


In the reaction of p-aminobenzoic acid with excess of urea, the 
main products formed are (1) carbamido-p-aminobenzoic acid, (2) 
ammonium salt of the same and (3) ammonium-p-aminobenzoate. A 
disubstituted urea derivative is not formed to any marked extent 
(also compare the reaction of aniline hydrochloride in presence of 
excess of urea). Since ureastibamine is formed from p-stibanilic 
acid and urea under similar conditions, it is unlikely that it should 
contain any appreciable quantity of sym-diphenylurea-4 ; 4-distibinic 
acid (Gray, Proc. Roy. Soc., 1931, B 108,54). The reaction with arsan- 
ilic acid, to which p-stibanilic acid is very much allied, shows on the 
other hand, that no carbamido derivative is formed at all but simply 
the ammonium salt. It may be further noted that urea reacts very 
little with amines and amino-acids in aqueous solution at 75-80°. 
The following observations would throw further light on the consti- 
tution of the drug: 

(i) An aqueous solution of ureastibamine is precipitated by an 
electrolyte, e.g., NaCl or KI. 

(ii) It gives diazo reaction. The presence of antimonic acid and 
other insoluble substances somewhat interferes with this test. 

(iii) A concentrated aqueous solution of ureastibamine (2 g.) is 
heated with 5% caustic soda solution at 70-75° for about 3 
hours. An insoluble product (0°4 g.), consisting mainly of antimony 
oxide, gradually settles down. The filtrate, on acidification with dilute 
acetic acid, yields a voluminous precipitate (1°2 g.), which readily 
dissolves in dilute mineral acids (thus showing the absence of substi- 
tuted urea derivatives). The above crude acid is purified by means 
of concentrated hydrochloric acid in the usual way and the pure 
stibanilic acid thus obtained is dried in vacuo over sulphuric acid. 
(Found: N, 5°0; Sb, 47°0. CgHgO,NSb requires N, 5°3; Sb, 46°1 
per cent). Carbamido-p-stibanilic acid does not yield p-stibanilic acid 
when heated with dilute alkali as above. Hence the formation of 
p-stibanilic acid in the above experiment from the decomposition of 
the corresponding carbamido derivative (Bramhachari and Das, J. 
Indian Med. Res., 1924, 12, 423; Niyogi, J. Indian Chem. Soc., 1928, 
5, 753), if formed at all, is precluded. Probably p-aminopheny]lstibi- 
nic acid exists in a polymerised form in which the amino group is 
involved or may be that the latter group is in a loose state of combi- 
nation with antimonic acid. 
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Summing all these facts, it appears that p-stibanilic acid is the 
principal constituent of the drug and as in Neostibosan it should 
be mainly responsible for its therapeutic value. It is present partly 
as the ammonium salt and partly in the free state (c/. observation /) 
together with some unhydrolysed acetyl-p-stibanilic acid; the latter 
two colloidal substances are easily peptised in presence of antimonic 
acid and ammonia. 

My thanks are due to Dr. U. N. Brahmachari for the facilities 
given for these investigations. 


BRAHMACHARI RESEARCH 
InsTiTUTE, CALCUTTA, Received January 25, 1933. 





The Kinetics of Coagulation of Titanium Dioxide Sol. 


By S. M. Menta anp (Miss) OLive Josepa. 


Smoluchowski (Z. physikal. Chem., 1917, 92, 129) proposed the 
following equation to represent the kinetics of rapid coagulation of a 
sol by electrolytes, 

No Bo 


l+kn.t t 
° re 
T 


where n,.=the number of particles before the coagulation begins, 
K=velocity constant, t=the time since mixing of the electrolyte 
with the sol, T=specific coagulation time, given by the 





=. = 


expression 
i 
ia “kn,  42Drn, 
r being the radius of the sphere of attraction and D the diffusion 
constant. 
If ,,, which represents the same stage of coalescence, has a fixed 


value then 


where ¢, ¢,, tg, etc., are the times since mixing of the electrolytes 
of various concentration and T, 7,, T9. etc., are the corresponding 
values of T for various mixtures. Since the values of T, T,;, To, 

are fixed, their ratio is also fixed and should be independent of the 
stage of coalescence. 

This theory has been verified by Zsigmondy (Z. physikal. Chem., 
1918, 92, 600), Westgren and Reitstétter (Z. physikal. Chem., 1918, 
92, 750) and by van Arkel (Rec. trav. chim., 1920, 39, 656). 

For slow coagulation Smoluchowski has proposed the following 
expression : 
= a 1 
~Kkeyn. 8xDrn, * 

He distinguishes rapid coagulation from the slow one in the sense 
that in the former all the collisions are fruitful in bringing about 
the coalescence of the micelles while in the latter only a small 


2 


T 
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fraction of this is effective. This expression for slow coagulation 
has been confirmed by Westgren (Ark. Matem. Astron. Fys., 1918, 
18, No. 14) and by Mukherjee and Majumdar (J. Chem. Soc., 1924, 
125, 794) up to a certain stage of coalescence. 

It has been pointed out, however, by Miyazawa (J. Chem. Soc. 
Japan, 1912, 33, 1179), Ishizaka (Z. physikal. Chem., 1913, 83, 7), 
Gann (Koll-Chem. Beih., 1916, 8, 65), Lottermoser (Kolloid Z., 1914, 
15, 145) and others that Smoluchowski’s expression is not valid in 
the sensitive range of the electrolyte concentration. According to 
them, the coagulation is autocatalytic in nature and the coagulation 
velocity is best represented by the equation: 


dz _ k(1+bz)(1—2). 
dt 


Desai (Trans. Faraday Soc., 1928, 24, 181) has studied the 
kinetics of coagulation of thorium hydroxide sol and has examined 
the validity of the Smoluchowski’s equation and of the equation 
given above. Patel and Desai (Trans. Faraday Soc., 1930, 26, 128) 
have studied the coagulation of thorium hydroxide sol during 
the progress of dialysis of the sol and have found that the 


purity and the concentration of the colloid are necessary factors 
in determining the autocatalytic nature of the coagulation process. 

The coagulation of titanium dioxide sol by _ electrolytes 
during the progress of dialysis has been studied in the present 
investigation and an attempt has been made to examine the validity 
of Smoluchowski’s equation. The method used by Mukherjee and 
Majumdar (loc. cit.) has been employed to measure the rate of 
coagulation. The titanium dioxide sol is not a coloured one, nor any 
change in colour takes place during coagulation and hence the 
objections raised by Desai (loc. cit.) against this method do not 
apply to this case. 


EXPERIMENTAL. 


Preparation of the sol.—Titanium dioxide sol was first prepared 
by Graham (Phil. Trans., 1861, 161, 213), by adding hydrochloric 
acid solution to sodium titanate. Mazumdar (J. Indian Chem. Soc., 
1929, 6, 357) prepared the sol by adding titanium tetrachloride to 
distilled water, keeping the mixture at 18° and then dialysing it 
at room temperature. The sol prepared by both these methods 
was very unstable and coagulated before the chloride ions were 
removed. 
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In the present investigation the sol was prepared as follows: 
The titanium hydroxide was precipitated by adding ammonium 
hydroxide to titanium tetrachloride and was washed with hot water 
till free from ammonia. The suspension of the precipitate in a 
large volume of water was boiled and at certain intervals, 2N 
hydrochloric acid solution was added in smal] amounts until a clear 
sol was obtained. The total volume of the sol was kept constant 
by replacing the evaporated water from time totime. The sol 
thus prepared was transferred to a parchment bag which had been 
allowed to remain dipping in distilled water for 48 hours, and 
dialysed. During the dialysis no titanium was detected in the 
dialysate. The colloid content of the sol was found to be 12g. 
of colloidal TiO, per litre. 

Method of following the coagulation velocity.—A parallel beam 
of light from a 25 c. p. lamp, enclosed in an asbestos box 
having a rectangular window, was made to fall on a rectangular 
optical glass cell filled with distilled water, whereby the heat rays 
were absorbed. It next fell on an optical glass cell containing the 
colloidal solution and finally on a thermopile which was connected 
toa sensitive galvanometer. The current feeding the lamp was 
maintained at a constant value. The deflection of the galvanometer 
with distilled water alone in the colloidal cell was 200 mm, and it 
remained constant throughout. 

In a test tube 5 c.c. of the colloid were taken and in another 
a solution of the electrolyte, just sufficient to produce coagulation 
in about 30—35 minutes: the volume of the latter was made up to 
5 c.c. by the addition of distilled water. 

The mixture (electrolyte +water) was added tothe colloid by 
gently pouring it down the sides of the test tube and the time of 
mixing the electrolyte with the colloid was noted. ‘The same method 
of mixing the electrolyte with the colloid was used throughout. The 
mixture was then transferred to the colloid cell, the thermopile ex- 
posed to light at definite intervals and the deflections of the galvano- 
meter were noted. 

The relative distances between the various parts of the apparatus 
were kept:-constant throughout the series of experiments. 

The titanium dioxide sol dialysed for 4, 10, 18, 24 and 32 days 
was studied using different concentrations of sodium chloride and 
magnesium chloride. The effect of dilution on the coagulation 
velocity was also investigated and for this purpose the sol is 
designated as A, A/2 and A/4. 





180 S. M. MEHTA AND (MISS) OLIVE JOSEPH 


The results obtained with sodium chloride and the sol dialysed 
for 4 days and those with magnesium chloride and the sol dialysed 
for 10 days are shown graphically in Figures 1 to3. The deflection 
differences were obtained by subtracting the observed deflection 
from that given by 5c. c. of the sol+5c. c. of water. 
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Discussion. 


The values of t, for the same stage of coalescence, when different 
amounts of the clectrolytes are added to the same volume of the 
sol, have been obtained from the coagulation velocity curves for ‘‘ A °’ 
sols and the ratios a a etc., have been calculated for various 
stages of coalescence. The ratios obtained in the case of sodium 
chloride and the sol dialysed for 4, 10 and 25 days and those in 
the case of magnesium chloride and the sol dialysed for 10, 18 and 
25 days are given in Tables I to VI for illustration. 

It is observed that these ratios become more and more constant 
as the amount of the electrolyte is increased and as the* sol gets 
purer. The percentage deviations of the ratios from the mean 
values are considerable for small amounts of electrolytes. This 
appears to indicate that Smoluchowski’s equation is true only under 
restricted conditions. 

It will be seen from Figs. 1 to 3 that the coagulation velocity 
curves for ‘‘A’’ sol dialysed for 4 days are S-shaped and 
that the S-shaped tendency of the curves for the same amount of 
the electrolyte becomes less and lets with an increase in the dilution 
of the sol. It is found that the S-shaped nature of the curves 
disappears as the sol is dialysed further: the curves for sols dialysed 
for more than 18 days do not give S-shaped curves when they 
are coagulated by any concentration of sodium chloride. 

In the case of sols coagulated by magnesium chloride similar 
results have been obtained. 

It appears that the S-shaped nature of the coagulation 
velocity curves is intimately connected with the peptising ions 
present in the sols. Similar observations have been made by Patel 
and Desai (loc. cit.). 

These results can be explained, as done by Patel and Desai (loc. 
cit.) in the case of thorium hydroxide sol, on the first and second 
critical potential of Freundlich. But the recent investigations by 
Desai and his collaborators (Current Science, 1982, 1, 88) on the 
measurement of charge on the colloid particles during the progress 
of dialysis of a sol, indicate that the charge does not decrease 
continuously as the dialysis is carried out for longer time. They 
find in the case of the thorium hydroxide sol that the charge 
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increases at first and then begins to decrease. This would mean 
that for the first few days of dialysis, the tendency of the sol should 
be to give rise to increased S-shape to the coagulation velocity 
curves. It is, therefore, necessary to carry out the charge measure- 
ments of titanium dioxide sol during the progress of dialysis and to 
study the coagulation velocity during the period when an increase 
in the charge on the colloid particles is taking place. 

‘However, the results arrived at in this investigation confirm 
Patel and Desai’s view that the concentration of a colloid is an 
important factor in determining the autocatalytic nature of the 


coagulation velocity curves. 
SUMMARY. 


1. The coagulation of titanium dioxide sol by sodium chloride 
and maguesium chloride has been followed by the thermopile method 
during the progress of dialysis of the sol. 

2. ‘The applicability of Smoluchowski’s equation to the coagula- 
tion of the sol has been tested and it is found that it applies only for 
a limited range of the concentration of the coagulator. 

8. The coagulation velocity curves (deflecticn differences against 
time) are S-shaped for sols dialysed up to 18 days: sols 
dialysed for longer time do not show the autocatalytic nature of the 
coagulation process. 

4. The results of this investigation confirm the observations 
of Patel and Desai (loc. cit.) that (i) the S-shaped nature of 
the coagulation velocity curves is intimately connected with the 
peptising ions present and (ii) the concentration of the colloid is an 
important factor in determining the autocatalytic nature of the coagu- 
lation velocity curves. 

The authors desire to thank Dr. Mata Prasad for making useful 
suggestions. 
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The Formation and Stability of Polybromide Deriva- 
tives of Heterocyclic Compounds. Part II. The 
Polybromide Ion Derivatives of Alkyiaminobenzthia- 
zoles obtained from s-Phenylalkylthiocarbamides and 
Bromine, and a Comparison of the Ease of Nuclear 
Substitution by Bromine in 1-Alkylaminobenz- 
thiazolium and  1-Imino-2-alkyl-1 :2-dihydrobenz- 
thiazolium Ions. 


By Mosavmap Omar Farovog, Ropert FerGus HUNTER 
AND Syep Tura Husain JArrery. 


In view of the development of our knowledge of the chemistry 
uf polybromide derivatives of heterocyclic compounds of the thiazole 
type in recent years, it appeared desirable to re-examine some of 
the eurlier experiments on the bromination of s-phenylalkylthiocar- 
bamides in chloroform. 

The interaction of s-phenylalkylthiocarbamides with bromine 
was first examined some years agoin an investigation having for its 
inain object the study of the relation between tautomeric mobility 
and unsaturation in semi-cyclic symmetrical triad systems (Hunter, 
J. Chem. Soc., 1926, 1385, 2951). 1t was observed that certain 
phenylalkylthiocarbamides gave rise to what appeared to be dibro- 
mides and tetrabromides of the corresponding alkylaminobenz- 
thiazoles, to which the formule (I) and (II) were assigned. 


—S— SBrg 
C,H "4 So: NHR C,H ¢ So-NHR 
_— NBr,7 "\NBrg r 


(1) (11) 


Owing to an erroneous theory of the mechanism of the reaction 
(Hunter and Soyka, J. Chem. Soc., 1926, 2958), it was at this time 
assumed that bromo addition compounds of 1-aminobenzthiazoles 
containing an even number of bromine atoms labile towards sul- 
phurous acid, obtained from arylthiocarbamides, were true bromides 
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(cf. Hugershoff, Ber., 1908, 36, 3121) of the type of 1-phenylbenz- 
thiazole tetrabromide (Bogert and Abrahamson, J. Amer. Chem. 
Soc., 1922, 44, 826; Hunter, J. Chem. Soc., 1926, 587). The 
possibility that such compounds might be hydroperbromides was 
unfortunately never entertained, mainly on account of the fact that 
their formulation on such a basis, would have necessitated the 
assumption of ‘‘odd valency’’ structures. Later investigations, 
however, have shown that the bromo-addition compounds obtained 
by thiazole cyclisation of arylthiocarbamides are invariably hydroper- 
bromides (Huater, J. Chem. Soc., 1930, 125; Dyson, Hunter, Jones 
and Styles, J. Indian Chem. Soc., 1931, 8, 147), produced by the 
interaction of the hydrobromides of the thiazole bases initially formed 
and bromine. It has furthermore been shown that the nuclear nitrogen 
atom of the benzthiazole complex is the centre of unsaturation of 
the molecule, and that the sulphur atom of the heterocyclic ring re- 
sembles that of thiophen in its inertness towards ordinary reagents; 
due presumably to the fact that its labile electrons are called upon 
to complete the sextuple group on which the aromatic character of 
such heterocyclic systems may be assumed to depend (Armit and 
Robinson, J. Chem. Soc., 1925, 127, 16°4, Goss and Ingold, 
ibid., 1928, 1268; Hunter, Joc. cit.). Formulae of the type 
(I) and (II) are therefore clearly erroneous, and since the technique 
in handling unstable bromo-addition compounds has been consider- 
ably improved in recent years the bromination of a number of s- 
phenylalkylthiocarbamides has been carefully re-investigated. 
Treatment of a solution of s-phenylethylthiocarbamide in chlo- 
roform with excess of bromine gave rise to a well-defined hydro- 
tetrabromide of 1-ethylaminobenzthiazole, which was also prepared 
from the hydrobromide of the ethylaminobenzthiazole and bromine 
(cf. Hunter, J. Chem. Soc., 1930, 134). This compound probably 


has the constitution (III), containing a Br, ion, whose production 
involves the operation of a lone singlet linkage (cf. Dyson, Hunter, 
Jones and Styles, loc. cit.; Hunter, Chem. Ind., 1932, 939). 


C,H No: NHEt = C,H "5. NHC,H :. 
6 Km T%, 6 KD att; [>Ts 
® ® 


H H 
(III) (IV) 
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Bromination of 8-phonyl-n-propylthiocarbamide in the presence 
of excess of the halogen, however, yielded an unstable hydropenta- 
bromide of 1-n-propylaminohenzthiazole to which the formula (IV) 
is assigned on the grounds of analogy with Roozeboom’s ammonium 
pentabromide (Ber., 1881, 14, 2398), which readily lost bromine 
giving © more stable hydrotribromide of the propylaminobenzthiazole. 
This was also obtained by carrying out the reaction in the presence of 
alower concentration of the halogen, and it therefore appears probable 
that the ‘‘tetrabromide’’ of 1-n-propylaminobenzthiazole, isolated 
under somewhat indefinite conditions in the earlier investigation 
(loc. cit.), consisted of a partially decomposed specimen of the hydro- 
pentabromide of the base. 


Attempts to prepare bromo-addition compounds of 1-isobuty)l- 
aminobenzthiazole and 1-isoamylaminobenzthiazole of a higher order 
than hydrotribromides proved unsuccessful; the products of bromina- 
tion of s-phenylisobutylthiocarbamide and s-phenylisoamylthiocarba- 
mide being tenacious gums which crystallised with difficulty on being 
kept in vacuo over potassium hydroxide, giving the hydrotribromides 
of the corresponding alkylaminobenzthiazoles described in the earlier 


investigation. 


s-Phenyl-n-hexylthiocarbamide, however, behaved similarly to 
the propylthiocarbamide and gave rise to an unstable hydropenta- 
bromide of 1-n-hexylaminobenzthiazole, which lost bromine on 
exposure to air or op keeping in a desiccator over potassium 
hydroxide. 


A very definite contrast between the properties of the bydroper- 
bromides of the 1-alkylaminobenzthiazoles and those derived from 
1-imino-2-alkyl-1 :2-dihydrobenzthiazoles (V) is provided by the res- 
pective tendencies of the compounds towards nuclear substitution. 
Thus, the hydroperbromides of the alkylaminobenzthiazoles undergo 
appreciable nuclear substitution by bromine under the ordinary con- 
ditions of iodometric titration of labile bromine in chloroform, where- 
as the bromo-addition compounds of iminoalkyldihydrobenzthiazoles 
give quantitative values for labile bromine (Hunter, J. Chem. Soc., 
1980, 139). Furthermore, the bromo-additition compounds of the 
alkylaminobenzthiazole series, such as the hydrotetrabromide of 
1-ethylaminobenzthiazole, undergo nuclear substitution on being 
boiled in aqueous alcoholic solution, whilst the hydroperbromides of 
iminoalkyldihydrobenzthiazoles, in so far as they have been studied, 
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merely yield hydrobromides of the unsubstituted dihydrobenzthiazole 
bases under such conditions (loc. cit.). 


8 Br/\/SS 
C.H,< Sc : NH | , 4 > NH-C,H, Jew 
NR— VA\ NF 
® 


H 
(V) (VI) 


This difference in behaviour towards hydroxylic solvents is 
evidently attributable to the higher reactivity of the para position to 
the ring nitrogen atom in the thiazolium ion of the aromatic hetero- 
cyclic base towards bromine or hypobromous acid formed by decom- 
position of the polybromide complex in aqueous hydroxylic solvents. 

The 1-alkylaminobenzthiazoles behave similarly to the iminoalkyl- 
dihydrobenzthiazoles on bromination in chloroform, and undergo 
nuclear substitution with the production of hydroperbromides of the 
corresponding 5-bromo-l-alkylaminobenzthiazoles. Thus, the iso- 


butylamino base on treatment with excess of bromine. yields a hydro- 
pentabromide (VI) whose constitution follows from its reduction by 
sulphurous acid to 5-bromo-1l-isobutylaminobenzthiazole, identical 
with that obtained f:om the thiazole cyclisation of s-p-bromopheny}- 
isobutylthiocarbamide (Hunter and Soyka, loc. cit.). 


EXPERIMENTAL. 


8-Phenylethylthiocarbamide was prepared by treating a solution 
of phenylthiocarbimide in absolute alcohol with a 20 to 30 ° 
excess of a 33 % solution of ethylamine in water, and had 
m.p. 99—100° after reerystallisation (Weith, Ber., 1875, 8, 1524). 

1-Ethylaminobenzthiazole hydrotetrabromide (III). (i)  Bro- 
mination of s-phenylethylthiocarbamide.—Bromine (1 c.c. in 
2 c.c. of chloroform) was added to a solution of s-phenylethylthio- 
carbamide in chloroform (1 g. in 7 ¢.c.) in a Geissler flask, and the 
mixture was heated on a steam bath under reflux for 2 to 3 minutes 
and thereafter cooled in ice. The hydrotctrabromide crystallised in 
glistening orange-red needles which were collected on porous earthen- 
ware and dried in a vacuum over potassium hydroxide, anhydrous 
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calcium chloride, and paraffin wax for 5 to 10 minutes. After being 
crushed on fresh porous tile and again dried in a vacuum for 
a further 5 minutes, the crystals had m.p. 80—82° (softening and 
sintering at 70—74°). [Found: Br (total), 64°55; Br (labile), 43°. 
C,H, 9N28,HBr(Brs,) requires Br (total), 64°15; Br (labile), 48°1 
per cent}. The hydrotetrabromide dissolved in sulphurous acid 
giving a colourless solution which yielded 1-ethylaminobenzthiazole 
on basification with ammonia, which had m.p. 938-94° after re- 
crystallisation from alcohol and drying in a vacuum (previously 
recorded as m.p. 87-88°). 

(ii) Synthesis from 1-ethylaminobenzthiazole hydrobromide and 
bromine.—The hydrobromide of 1-ethylaminobenzthiazole, obtained 
by treating a hot solution of the ethylamino base (1°5 g.) in absolute 
alcohol (9 c.c.) with 66 per cent hydrobromic acid (2 c.c.) and 
allowing the resulting solution to cool, crystallised in soft flakes 
consisting of small needles, m.p. 219-20°. (Found: Br, 380°7. 
CoH, 9N28, HBr requires Br, 30°9 per cent). A warm suspension 
of this salt (1 g.) in chloroform (8 c.c.) was treated with bromine 
(0'8 c.c. in 1 c.c. of the same solvent), and the resulting clear red 
solution was cooled in the ice when the hydrotetrabromide separated 
in glistening orange red plates, m.p. 90°. [Found: Br (total), 64°0; 
Br (labile), 42°6 per cent]. 

Decomposition of 1-ethylaminobenzthiazole hydrotetrabromide 
by alcohol and the [Isolation of 65-Bromo-1-ethylaminobenzthia- 
zole.—A solution of the bromo-addition compound in alcohol was 
boiled, diluted with water and concentrated on a water-bath when 
acetaldehyde was evolved. The hydrobromide obtained in this way 
formed white flaky crystals which had m.p. 240-42° (sintering at 
237-40°). It was decomposed with ammonia and the product was 
crystallised from alcohol when impure 5-bromo-1-ethylaminobenzthia- 
zole was obtained which had m.p. 140°, and mp. 146-48° when 
mixed with an authentic specimen prepared from s-p-bromopheny]l- 
ethylthiocarbamide. 

1-n-Propylaminobenzthiazole hydropentabromide (IV).—A solution 
of s-phenyl-n-propylthiocarbumide (Hecht, Ber., 1890, 23, 286) 
(0°7 g.) in chloroform (4 c.c.) was treated with bromine (0°9 c.c. in 
0°9 c.c. of chloroform) and the mixture was heated on a water-bath 
under reflux for 2 minutes, and the solution was transferred to a 
dry erystallising basin and concentrated in a vacuum. The hydro- 
pentabromide crystallised in small vermilion crystals which were 


4 
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collected on porous earthenware, dried in a vacuum over potassium 
hydroxide, anhydrous calcium chloride and paraffin wax for 2 minutes, 
transferred to fresh porous earthenware and again dried in a vacuum 
for a period of 5 to 10 minutes. This compound was highly unstable 
and showed signs of decomposition into the yellow-orange hydro- 
tribromide on being exposed to moist air fora few minutes. It had 
m.p. 57-59° (clear red liquid at 60°). [Found: Br (total), 66°3; 
Br (labile), 52°6. C, 9H, .N.2S, HBr (Br,) requires Br (total), 67°6; 
Br (labile), 54°1 per cent], On keeping in a desiccator over potassium 
hydroxide for 24 hours, it lost bromine yielding the yellow-orange 
hydrotribromide, and on reduction with sulphurous acid it gave 
1-n-propylaminobenzthiazole, m.p. 68° (Hunter, loc. cit.), 

1-n-Propylaminobenzthiazole hydrotribromide.—A solution of the 
phenylpropylthiocarbamide (1 g.) in chloroform (8 c.c.) was treated 
with bromine (1 c.c. in 1 ¢.c. of the same solvent) and the mixture 
was heated for 2 minutes and thereafter concentrated under reduced 
pressure at laboratory temperature. The yellow-orange crystals 
obtained in this way had m.p. 57° after being crushed on porous 
earthenware and dried in a vacuum. [Found: Br (total), 55°6; 
Br (labile), 36°4. C, 9H, :N.8, HBr (Brg) requires Br (total), 55°4; 
Br (labile), 36°6 per cent]. 

1-isoButylaminobenzthiazole hydrotribromide.—A_ solution of 
8-phenylisobutylthiocarbamide (Hecht, Ber., 1892, 25, 813), in 
chloroform (1 g. in 12 ¢.c.) was treated with bromine (0°8 cc, in 
0°8 c.c. of chloroform) and the mixture was heated and thereafter 
concentrated under reduced pressure at laboratory temperature, when 
a viscous liquid was obtained which crystallised on keeping. The 
hydrotribromide formed orange crystals, m.p. 98°. [Found: Br 
(total), 53°1; Br (labile), 33°1. Cale.: Br (total), 53°7; Br (labile), 
35°8 per cent]. On reduction with sulphurous acid it gave 1-iso- 
butylaminobenzthiazole which separated from alcohol in glistening 
needles, m.p. 104°. 

5-Bromo-1-isobutylaminobenzthiazole hydropentabromide (VI).—A 
solution of 1-isobutylaminobenzthiazole in chloroform (0° g. in 6 
c.c.) was treated with bromine (0°4 c.c. in 0°4 c.c. of chloroform) and 
the solution was heated under reflux on a water-bath for 5 minutes 
and thereafter concentrated in a vacuum, The hydropentabromide 
then crystallised in the form of deep orange-red crystals, m.p. 76-77°. 
[Found: Br (total), 70°0 ; Br (labile), 45°0. C,,H,;N BrS, HBr- 
(Br,) requires Br (total), 70°0; Br (labile), 46°0 per cent]. On 
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reduction with sulphurous acid and basification with ammonia, it 
yielded 5-bromo-1-isobutylaminobenzthiazole which was identified by 
m.p. and mixed m.p. determinations with an authentic specimen 
prepared from 38-p-bromophenylisobutylthiocarbamide (Hunter and 
Soyka, loc. cit.). 

1-isoAmylaminobenzthiazole hydrotribromide.—Considerable difti- 
culty was experienced in connexion with the bromination of s-pheny]- 
isoamylthiocarbamide in the earlier investigation, and the hydrotri- 
bromide of 1-isoamylaminobenzthiazole was analysed in the form of a 
resin (Hunter, J. Chem. Soc., 1926, 2956). On this occasion, how- 
ever, the red gum obtained from the bromination of s-phenyliso- 
amylthiocarbamide under similar conditions to those used in the 
ease of the isobutyl derivative, crystallised after keeping in a vacuum 
over potassium hydroxide for 2 days. The hydrotribromide obtain- 
ed in this way had m.p. 61-62°. [Found: Br (total), 53°2; Br 
(labile), 33°0. Cale.: Br (total), 52°3 ; Br (labile), 34°4 per cent]. On 
reduction with sulphurous acid it yielded 1-isoamylaminobenzthiazole, 

s-Phenyl-n-herylthiocarbamide, prepared from the condensation 
of phenylthiocarbimide with excess of n-hexylamine in alcohol, crys- 
tallised from alcohol in needles, m.p. 110° (previously recorded as 
103-104°). 

1-n-Hexylaminobenzthiazole hydropentabromide.—A_ solution of 
the phenylhexylthiocarbamide in chloroform (1°5 g. in 18 ¢.c.) was 
treated with bromine (1°2 c.c.) and the solution was heated and there- 
after concentrated in a vacuum, when a hydropentabromide separated 
in red crystals which had m.p. 66-67° after being dried in the usual 
way. [Found: Br (total), 64°2; Br (labile), 48°8. C,;H,,.N,S, 
HBr (Br,) requires Br (total), 62°9 ; Br (labile), 50°3 per cent]. This 
compound was highly unstable and rapidly lost bromine on expo- 
sure to moist air or on keeping in a desiccator over potassium hydro- 
xide. On reduction with sulphurous acid, it yielded 1-n-hexylami- 
nobenzthiazole which had m.p. 67-68° after recrystallisation (previ- 
ously recorded as 57°). 

s-Phenyl-n-heptylthiocarbamide, prepared from phenylthiocarbi- 
mide and n-heptylamine, had m.p. 78° after recrystallisation 
(previously recorded as 70-71°). Unfortunately, the quantity of this 
compound available after purification was small (0°3 g.) and we 
were unable to make more than a preliminary examination of its 
bromination in the presence of excess of halogen. Under conditions 
similar to those employed in the case of the hexylthiocarbamide, it 
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gave rise to an indefinite orange bromo-addition compound, m.p. 
73-74°. [Found: Br, 59°7. C;,HeoN,gS, HBr (Brg) requires Br, 56°2 
and C,,HgoN28S, HBr (Bry) requires Br, 61°6 per cent]. On reduc- 
tion with sulphurous acid, it yielded 1-n-heptylaminobenzthiazole 
which had m.p. 61-62° after recrystallisation (previously recorded as 
55°). 


Tue Musim UNrversiry, Received March 1, 1933. 
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Attempts to Prepare Antimalarials. Part IV. 
Derivatives of Cotarnine. 


By GurcuarAN Sinca AgLUWALIA, Kansai Nata Kaut AND 


JNANENDRA Natu Ray. 


It has been shown in Part III of this series of investigation 
(Ahluwalia, Kochhar and Ray, J. Indian Chem. Soc., 1932, 9, 215) 
that some derivatives of cotarnine show antipyretic properties in vivo 
and antiseptic properiies in vitro. The present work is an extension of 
the investigation recorded in Part III. It was thought that if a 
quinoline ring could be fused to cotarnine then the antimalarial 
properties would be enhanced owing to partial similarity of structure 
to quinine. With this object, o-nitro aromatic aldehydes have been 
condensed with cotarnine to give the substance of the type (I). 
Following Robinson and Robinson (J. Chem. Soc., 1914, 105, 1458) 
the compound is formulated as (1). 


/\/° 8 chy 


0% Net cng) 
CHs€ \W\ouH /NMe 


Med” CH | 
co /C\CH 


ve =) 
f \/J\ NA CMe 


| 
Vv 


(I) (II) 


These substances can be easily reduced to the corresponding 
amino compounds under careful experimental conditions. The 
amine derived from (I) gives with acetone the cotarninoquinoline 
(II) in small yield. 
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It was thought that an o-nitro ester like (III) would easily 
condense with cotarnine to give a product (IV), which on reduction 
would furnish a cotarninoaminocarbostyril 


0of\OON Ts 


cH | 
CHg O 
| CH, : | 
| 
(IIT) % 2 
NO,\/NO, COOMe 


(IV) 


CH, 


oN ‘He 
oe 
O\4\/SNMe 


MeO CH 
“N 
CO NH 
| | 
Ph Ph 
(V) 


But the reduction of the substances of the type (IV) has not yet 
been satisfactorily accomplished. 

The nitro esters (III, and analogous substances) on reduction are 
converted into aminotetrahydroquinolones (cf. Gabriel and Zimmer- 
mann, Ber., 1879, 12, 602). Clemo and Johnson (J. Chem. Soc., 
1930, 2133) have indicated that tetrahydroquinolone has local 
anesthetic property. Watenabe (J. Biochem., Japan, 1930, 12, 71) 
has studied the pharmacological properties of 7-amino-1 :2:3 :4-tetra- 
hydroquinolone. We are now engaged in studying the local anesthetic 
property of the dimethylaminobenzoy] derivative of this substance. 

From the consideration that harmine is an antimalarial, it was 
intended to synthesise an anhydrocotarninoindole. For this purpose 
w-anilidoacetophenone and related substances were prepared and the 
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condensation with cotarnine to (V) was easily effected, but the 
subsequent ring closure to an indole could not be accomplished. 

A number of condensation products of cotarnine with w-bromo- 
acetophenone, resacetophenone (cf. Hope and Robinson, J. Chem. 
Soc., 1913, 103, 373, who have condensed resacetophenone dimethy!- 
ether), aceto-a-naphthol, phenylurea, etc. were effected and are 
described in the experimental part. 









EXPERIMENTAL. 










A mixture of cotarnine (4°8 g.) and o-nitrobenzaldehyde dissolved 
in absolute alcohol (50 c. c.) was gently heated on the steam-bath 
for 20 minutes, when a yellow crystalline deposit began to separate. 
The product collected after some time was washed with cold alcohol 
and recrystallised from a mixture of benzene and alcohol, m. p. 
154°. (Found: N, 7°7. Cy>H1,0,¢Ne requires N, 7°56 per cent). 

The foregoing substance (3 g.) was well powdered and gradually 
added to a mixture of stannous chloride (5 g.), hydrochloric acid 
(d 1:16, 8 c. ec.) and the mixture mechanically shaken for 10 hours 
and then diluted with water and filtered. The filtrate strongly 
basified (sodium hydroxide solution) furnished the amine which was 
collected and crystallised from benzene, m. p. 121°. (Found: 
N, 8°26. C,9Ho904Ng requires N, 8°23 per cent). 

The amino compound (1 g.) dissolved in alcohol (10 ¢.c.) was 
boiled for 2 minutes with acetone (3 c.c.) and a drop of sodium hydro- 
xide solution (50%, )when a‘clear solution resulted. On keeping for a 
short time, a crystalline substance separated. It was collected and 
crystallised from alcohol, m.p. 133°. (Found: N, 8°2. CogHs.0,N, 
requires N, 7°73 per cent). 

Similarly cotarnine (4°8 g.), 3:4-dimethoxy-6-nitrobenzaldehyde 
(4°4g.) in alcohol (20 c.c¢.) after heating for 15 minutes on the 
steam-bath, deposited the condensation product after 2 hours. 
Recrystallised from benzene and alcohol it melts at 165° (decomp.). 
(Found: N, 6°89. Cyg,HegOgNo requires N, 65 per cent). The 
reduction to the corresponding amine could not be satisfactorily 






















accomplished. 
Methyl-2 : 4-dinitrodihydrocinnamate was prepared from the corres- 


ponding acid via the acid chloride. After crystallisation from 
methyl alcohol it melts at 40°. (Found : N,11°3. C,9H; 90gNg 
requires N, 11°02 per cent). 
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A mixture of _methyl-2:4-dinitrodihydrocinnamate (2°6 g.), and 
cotarnine (2°4 g.) in methy] alcohol (5 c. c.) was gently warmed on the 
steam-bath with piperidine (2 drops) till a complete solution resulted 
and then left for 4-5 hours at the room temperature (30°). The 
crystalline deposit after recrystallisation from hot methyl alcohol 
melted at 112-13°. (Found: N, 9°05. CgoH,;0,N 3 requires N, 
8°8 per cent). This substance could not be reduced to a cotarninoqui- 
noline. 

6-Nitro-3 :4-methylenediorydihydrocinnamic acid (cf. Baker and 
Robinson, J. Chem. Soc., 1925, 127, 1428) was formed when 3:4- 
methylenedioxydihydrocinnamic acid (5 g.) in acetic acid solution 
was nitrated at 0° with nitric acid (d 1°4, 8¢.c.). The nitration 
mixture after standing for 1 hour in a freezing mixture was poured 
on to crushed ice and the solids separated were crystallised from 
hot dilute methyl alcohol, m. p. 152°. (Found:N, 5°97. C;,>Hg0,gN 
requires N, 5°85 percent). The methyl ester of the nitro-acid, 
prepared in the usual way, had m. p. 72°. (Found: N, 5°75. 
C,,H,,0,N requires N, 5°5 per cent). 

Similarly 8-piperonylpropionamide on nitration gave £-6-nitro- 
piperonylpropionamide, m. p. 186°. (Found: N, 12°0, Cy 9H, 90;Ne 
requires N, 11°8 per cent). 

Condensation of cotarnine with w-bromoacetophenone in alcohol : 
Formation of w-ethory-w-cotarninoacetophenone.—Cotarnine dissolved 
in hot ethyl alcohol was treated with bromoacetophenone and 
the mixture heated for some time and then allowed to stand. 
After recrystallisation from hot ethyl alcohol bright yellow needles 
separated, m. p. 120°. The substance does not contain bromine 
and is obviously the substance figured in the title, as w-ethoxy- 
acetophenone, condensed with cotarnine in a similar manner, 
furnished an identical product. (Found: N, 4°53. C3,H3,0gNo 
requires N, 4°6 per cent). 

Condensation of cotarnine with w-anilidoacetophenone.—To a 
solution of w-anilidoacetophenone (2°2 g.) in hot ethyl alcohol, 
cotarnine (2°5 g.) was added and the product separated after standing 
for some time. Crystallised from benzene-ligroin it had m. p. 180° 
(decomp.). (Found: N, 6°6. CogHgg04Ne requires N, 6°5 per cent). 

Similarly, w-p-toluididoacetophenone furnished the corresponding 
anhydrocotarnino-p-toluididoacetophenone, m. p. 134°. (Found: 
N, 6°3. CozHes904Neq requires N, 6°3 percent). The m-toluidido 
compound, m. p. 116°. (Found:N, 6°22. Cale,: N, 6°3 per cent). 
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All these compounds decomposed on attempted ring elosure to an 
indole. 

Anhydrocotarnino-B-aceto-a-naphthol.—Cotarnine (2°5 g.) and 
aceto-a-naphthol (2 g.) condensed in hot alcoholic solution without a 
condensing agent, m. p. 146°. (Found: N, 3°4. Cg,H»30,N requires 
N, 3°45 per cent). 

Similarly resacetophenone furnished the corresponding compound 
with cotarnine isolated as the hydrochloride, m. p. 191°. (Found : 
N, 3°4. Cg9Heo0;NCl requires N, 3°43 per cent). 

Anhydrocotarninophenylurea was formed by the condensation of 
cotarnine (4°8 g.) and phenylurea (2°7 g.) in absolute alcohol (20 c. c-), 
m. p. 155°. (Found : N, 12°05. C,g,H2,0,N, requires N, 11°83 
per cent). 

The authors are indebted to the Central Board of Revenue, 
Government of India, for a maintenance allowance to one of them 
(G. 8, A.) and also to Prof. Dr. H. B. Dunnicliff for his interest in 
the work. 

University CHEMICAL LABORATORIES, 


UNIVERSITY OF THE PANJAB, Received March 6, 1933. 
LAHORE. 








The Fat from the Seeds of Vateria Indica, Linn. 
By S. V. PunTaMBEKAR AND §. KrisHna. 


When our work on this fat was neady for publication, a paper on 
the same subject appeared in the Journal of the Society of Chemical 
Industry (1931, §0, 4717) wherein Miss Jones had shown the fatty 
acids to consist of palmitic, stearic, arachidic and oleic acids. 
Since these results were nob in accordance with our findings, we 
considered it desirable to recheck our data. The results that we 
have obtained appear to indicate the presence of myristic, stearic, 
lignoceric, elaidic (isooleic ?) and oleic acids in the total acids from 
the fat and a careful search for palmitic and arachidic acids 
did not reveal their presence. We have, as well, observed some 
other differences between our results and those published by Miss 
Jones and consequently consider it desirable to submit our data for 
publication. 

Vateria indica, Linn (N. O. Dipterrocarpaa; Vern. Safed damar) 
“is a large handsome tree forming evergreen forests at the foot of 
the Western Ghats from Kanara to Travancore. The tree yields a 
resin of considerable value known as ‘ piney resin’ which in its 
properties compares very favourably with amber, and like copal is 
considerably employed in making varnishes ’’ (Watt, ‘‘Dictionary 
of Economic Products,’’ Vol. 6, Part IV, p. 223). The seed is ovoid 
2—24’’ long with a hard white kernel which on pressing or boiling 
is reported to yield 50 % of a pale yellow fat known -as ‘ piney 
tallow.’ In consistency the fat is midway between tallow and 
wax and has hitherto been employed for candle manufacture 
and for adulterating ‘ ghee.’ The authors have recently suggested 
that the fat can be used as vegetable tallow (Indian Forester, 1982, 
58, 69) ; and since it contains nearly 59% of stearic acid it can 
also serve as a convenient source of stearic acid. 

The fat has been studied for its chemical and physical constants 
(Hébnel and Wolfbauer, Pharm. Centralh, 1886, 26, 357 ; Crossley 
and Le Sueur, J. Soc. Chem. Ind., 1898, 17, 993 ; Bull, Imp. 
Inst., 1980, 28, 280) but no systematic study appears to have been 
made of its chemical composition except that by Dal Sie (Gaszetta, 
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1896, 8, 107) and Miss Jones (loc. cit.), the results of both being 
at variance with ours. According to Dal Sie, who arrived at his 
conclusions mainly by the melting points of the acids obtained 
by fractional precipitation of the barium salts of the mixed acids, 
the fat consists of glycerides of palmitic acid (75 %) and oleic acid 
(25%), whereas Miss Jones records the components of the fatty acids 
as palmitic (10%), stearic (89%), arachidic (83%) and oleic acid (48%). 
Our results on the other hand indicate that the fat consists mainly 
of the glycerides of stearic (59 %%), elaidic (isooleic ?) and oleic acids 
89%) (Hohnel and Wolfbauer, loc. cit.). 


The Vateria indica seeds, used in this investigation, were obtained 
from Mangalore. The kernels, on separation from the shells, were 
dried, powdered and expressed at 50—60° in a hydraulic press, 
which gave 14% of the fat ; and a further 8% was obtained from 
the meal on extraction with light petroleum. The average yield 
was between 20—22% (Bolton, ‘‘ Oils, Fats and Fatty Foods,’’ 1928, 
p. 267 and Bull, Imp. Inst., loc, cit.) and never as high as 50% 
as reported in some of the earlier works (Watt, loc. cit.). For 
determination of the physical and chemical constants, the freshly 


expressed fat was employed. The pale yellow colour of the fat is 
bleached on standing and iodine value is lowered. In some of the 
samples that had been standing exposed to air for a few weeks, 
the iodine value fell from 40 to 20. 


General Characteristics of the Fat. 


Consistency ee tallow like. 


Colour in pale yellow when fresh, 
white on standing. 


M. p. as 40° 

Sp. gr. at 20° - 0°9120 
Refractive index at 25° ioe 1°4556 
Saponification value see 190°4 

Todine value (Hanus) it 40°0 

Acetyl! value ne 2°45 
Hehner value oP 97°6 

Acid value ‘i 14 
Unsaponifiable matter see 0°8 per cent. 
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Composition of the Fatty Acids. 


Preliminary examination of the mixed fatty acids indicated the 
presence of a large percentage of stearic acid, the major portion of 
which was consequently removed by repeated crystallisation with 
95% alcohol instead of the 70% (Armstrong, Allen and Moore, 
J. Soc. Chem. Ind., 1925, 44, 647). The remaining acids were then 
separated into the solid and the liquid acids by the usual lead salt- 
alcohol method (Twitchell, Ind. Eng. Chem., 1921, 13, 806). The 
presence of a large percentage of solid acids both saturated and un- 
saturated (Cocks, Christian and Harding, Analyst, 1931, 56, 368) 
in the total acids made it difficult to effect complete separation by a 
single Twitchell’s procedure and therefore it had to be repeated 
thrice before a reasonably complete separation was possible. The 
solid and the liquid acids were then converted into their methy! 
esters and further separated into fractions by distillation under 
reduced pressure and the fractions singly examined. The results 
obtained in this manner are tabulated and discussed below. 


Chemical Constants of the Mixed Fatty Acids, 


Mean molecular weight pn 286 
Iodine value “a 38.6 
Saturated acids ove 61% 
Unsaturated acids sen 39% 


280 G. of the crude fatty acids were treated with a slight 
excess of sodium hydroxide and the resulting soap was incorporated 
with filter paper pulp. The mass was dried, powdered and extracted 
with etherin a Soxhlet and the extract examined for the un- 
saponifiable matter, as described later. 


Saturated Acids. 


237 G. of the mixed acids from which the unsaponifiable matter 
had been removed were crystallised several times from 95% alcohol 
and 70 g. of an acid (m. p, 68°-9° ; M. W. 283°3; Iodine value 0°) 
was isolated. This was identified as stearic acid by its mixed melt- 


ing point with an authentic sample. 
The remaining 167 g. of the acids in the mother liquor were 
separated twice into solid and liquid acids by the Twitchell’s 
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method. The following Table shows the state of separation of the 
different acids after the above two separations. 


Method. Acids. Iodine value. M. W. Net weight. 
Crystallisation Stearic 0°5 283°3 70 g. 


(A) Solid 
(1st Twitchell) 3°6 280°0 63°5 


(B) Solid 
(2nd Twitchell) 18°6 280°0 5°5 


Twitchell’s 


(C) Liquid 58°0 280°0 98°0 


Solid Acids (A).—These were converted into their methyl esters 
and the unesterified acids removed by 5% sodium carbonate. 53.1 G. 
of the neutral esters were fractionated at 5-7 mm. pressure with 
the following results. The acids liberated from each of the fractions 
were fractionally crystallised for identification purposes. 


Fractions. B.p. Weight. M.W. of Component of the esters. 
the acids. 
Methyl! Methyl Methyl 
myristate. stearate. lignocerate. 
125-180 4°15 g. 266'0 1°33 g. 2°82 g. 
180-85 6°50 275°0 1°06 5°44 
185-87 17°87 280°0 aa 17°87 
187-90 12°40 282°0 = 12°40 
190-95 9°59 284°6 = 9°59 
1°98 336°5 a 0°74 1°24 g. 
061 
Total on 631 ie 2°39 48°86 1°24 


Fraction S,.—Three crystallisations from acetone gave an acid 
(m.p. 68-69°; M. W. 283°2) which was identified as stearic acid by 
its mixed melting point with an authentic sample. The mother 
liquors on successive concentration and removal of the crystalline 
product gave a residue, m.p. 49-51° and M. W. 262. 

Fraction Sg.—Two crystallisations from acetone yielded an acid 
which was identified as stearic acid. The mother liquor on succes- 
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sive concentration and removal of the crystalline product gave a 
residue, M. W. 262°5. 

Fractions 8,; 8, and S,.—These fractions were identified as pure 
stearic acid, m.p. 68-69°; M. W. 284°5 and methyl ester, m.p. 
38-39°. 

The residue was a dark brown viscous mass, apparently consist- 
ing of a mixture of stearic and some higher solid acids along with 
their decomposition products. On crystallising thrice from 95% 
alcohol it yielded crystals, m.p. 77-78°, M.W. 368°6 with no change 
in the melting point on further crystallisation. Its mixed melting 
point with a sample of lignoceric acid from another source (Katti 
and Manjunath, J. Indian Chem. Soc., 1929, 6, 844) remained 
unchanged. Stearic acid was also isolated from the mother liquor 
and the residue being a complex, viscous and highly coloured mass 
was not identified further. 

Palmitic acid, if at all it is present in the fatty acids, should have 
been found in the fractions S, and S, and in the solid acids (B) and 
(B,) but no indication of its presence was found. The lower 
acid (m.p. 49-51° ; M.W. 262), present in these fractions, on 
the other hand, appears to be myristic acid since its melting 
point is much lower than the melting point (55°) of the eutectic 
mixture of palmitic and stearic acids (Lewkowitsch ‘‘Chemical 
Technology anc Analysis of Oils, Fats and Waxes’’ 1921, Vol. I, 
p. 120). 

Solid acids (B).—The mother liquor, from which the lead salts of 
the solid acids (A) had been separated, was concentrated to half its 
volume and then treated with the same volume of a hot alcoholic 
solution of lead acetate (20 g.) and the mixture allowed to stand 
overnight at 15-16°. The amount of precipitate thus obtained 
yielded 5°5 g. of solid acids (B) which on crystallisation from 
95 % alcohol gave an acid m.p. 68-69° and M.W. 284°2. This 
was identified as stearic acid. Further quantity of stearic acid was 
obtained from the mother liquor by concentration. The residue, a 
brown viscous mass, had an iodine value 26 and M.W. 300. This 
appeared to contain oleic acid, which explains the high iodine value. 
The high molecular weight might possibly be due to the portion of 
the acids having got esterified during repeated crystallisations. 

The above analyses lead us to conclude that the solid acids consist 
mainly of stearic acid with small amounts of myristic (not isolated) 
and lignoceric acid (isolated). Palmitic and arachidic acids as 
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reported by Miss Jones (loc. cit.) were not found. It is not clear 
from the brief data of her analysis whether she actually isolated and 
identified these acids or merely calculated their presence from the 
mean molecular weight of the fractions in which their presence was 
assumed. The latter procedure, it might be pointed out, is not 
perfect and in many cases leads to erroneous conclusions. 


Unsaturated Acids 


The liquid acids (C) were saponified to break up the esters 
which might have been formed in the alcohol treatment and the 
liberated acids when dissolved in ether, deposited a white solid 
(1.5 g.) which on crystallisation from 95% alcohol melted at 130° 
and had M. W. 316. This appears to be dihydroxystearic acid result- 
ing from the atmospheric oxidation of the oleic acid or its isomers 
present in the liquid acids. The liquid acids, isolated from the ether 
solutions, had at this stage an iodine value of 57°6 and M. W. 280. 

A portion of the acids on bromination (Lewkowitsch ‘‘Chemical 
Technology and Analysis of Oils, Fats and Waxes” Vol. I, 6th edition, 
p. 685) gave no hexabromides, nor could any tetrabromide be isolated. 
Another portion was converted into its potassium soap and oxidised 
by a dilute potassium permanganate solution according to the method 
of Lapworth and Mottram (J. Chem. Soc., 1925, 127, 1628). The 
oxidised product was identified as dihydroxystearic acid (m.p. 
180-32°; M. W. 316) and the unoxidised portion (23%) was left as a 
viscous mass of mean M. W. 306°8 and the iodine value 7°8. A third 
portion of the acids was converted into potassium soap and 
oxidised by a concentrated solution of potassium permanganate 
according to the method of Bertram as modified by Hilditch and 
Priestman (Analyst, 1931, 56, 354; Smith and Chibnall, Biolo. J., 
1982, 26, 222). The umnoxidised acids obtained after magnesium 
salt separation (10%) melted at 57-58° and had a M. W. of 288. 


The above three experiments indicate that the unsaturated acids 
in the liquid portion (C) consist entirely of oleic acid or its isomers 
and that the acids of more than one double bond namely, linoleic, 
linolenic, etc., are absent. They also indicate that the liquid acids 
still contain some solid acids, portion of which is stearic acid as 
shown by Bertram’s oxidation. The slightly higher molecular 
weight namely 288 is in all probability due to the incomplete destruc- 
tion of the dihydroxystearic acid (Gay, J. Soc. Chem. Ind., 1932, 
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§1, 1267). The balance of the substance, removed in Bertram’s 
oxidation, appears to be of high molecular weight (M. W. 306°8, 
apparently dihydroxystearic acid) as shown by the oxidation method 


of Lapworth and Mottram (loc cit.). 
Third Twitchell’s separation.—64°25 G. of the de-esterified liquid 


acids were separated into solid and liquid acids and these were obtain- 
ed in the following proportion. 


Acids. Wt. Todine value. M. W. 
Solid acids (B,) 11°9 g. 86°05 281 
Liquid acids 52°35 63°90 288 


The solid acids on crystallisation from 75% alcohol gave a product, 
m.p. 63-64° and M, W. 281°7. This was identified as stearic acid 
by its mixed melting point with a pure sample. 

The liquid acids (52°35 g.), on standing, deposited a quantity of 
dibydroxystearic acid and even after removal of this the iodine value 
remained low (64). This indicated the presence of some saturated 
acids and consequently the liquid acids were submitted to Twitchell’s 
method, once again. 

Fourth Twitchell’s separation.—The state of separation after this 
stage was as follows. 


Acids. Wt. Todine value. M. W. 
Solid acids 18°25 g. 80°4 282°7 
Liquid acids 32°10 56°6 326°5 
Dibydroxystearic acid 2°00 316°8 


On twice crystallising from acetone, the solid acids yielded trans- 
parent plates, m.p. 43-44°, M.W. 284 and iodine value 85. This 
appeared to be elaidic acid (isooleic acid ?). The iodine value and 
the mean molecular weight of the liquid part indicated that it was 
still associated with some saturated substance. 

The liquid acids were saponified by alcoholic potash to 
remove any ethyl esters and the resulting acids converted into 
methyl esters in the usual way. The esters on being dissolved 
in ether deposited a white solid, m. p. 63-64° (methyl ester of 
an isomeric dihydroxystearic acid). After removing this and the 
solvent ether, the 21°28 g.of the esters were fractionated at 3-5 
mm. pressure with the following results : 


6 





210 S. V. PUNTAMBEKAR AND S. KRISHNA 


Fractions. B. p. Weight. Iodine Component of the esters. 
value. 
Methyl elaidate Methyl! ester of 
or oleate dihydroxy stearic 
acid. 


L, 0°93 g. 
Ly 6°19 
L3 6°38 
ly 2°12 
Ls 2°96 
Residue 2°90 
Loss 0°50 ; —_ ae 


Total 21°28 16°63 3°22 


Fraction L., was too small for further investigation. It appeared 
to consist of some low boiling substance probably an ester of a 
saturated acid of low molecular weight and a little methyl! oleate. 

Fractions L, and L, appeared to be oleic acid. It cannot be 
said that the previous treatment was sufficient to completely remove 
the elaidic (isooleic?) from oleic acid hence it is not possible to say 
what fractions are exactly those of pure oleic acid. 

Fraction L, was mostly methy! oleate. On standing it depo- 
sited a white crystalline substance, m. p. 67-68°, soluble in cold 
concentrated sulphuric acid and insoluble in alkali and only slightly 
soluble in petroleum ether. This appears to be the methyl ester 
of an isomeric dihydroxystearic acid. After removal of this, the 
iodine value of the fraction rose to 77. The fraction deposited again 
the same solid matter after standing for a couple of days. The above 
substance on saponification and liberation of the corresponding 
acid gave from acetone a crystalline product, m.p. 90-91°., 
M. W. 310. This appears to be dihydroxystearic acid, an oxi- 
dation product of elaidic acid. It might be pointed out here that 
the literature records the melting point of dihydroxystearic acid 
as 99-100° (Saytzeff, J. pr. Chem., 1883, 33, 315) and also as 
95°5° (Arnaud and Posternak, Compt. rend., 1910, 180, 1130.) 

Fraction L,, was almost solid. It appeared to contain some methy! 
oleate. 





THE FAT FROM THE SEEDS OF VATERIA INDICA 211 


The residue was a viscous dark mass which appeared to be a mix- 
iure of methy! oleate and the substance isolated in fractions L, and 
I., and some decomposed matter. 

The above data on calculation gives the following percentage com- 
position for the fatty acids : 

Acids. 
Myristic 
Stearic 
Lignoceric 
Elaidic (isooleic?) 
Oleic and elaidic (isooleic ?) 
Dibydroxystearic 
(calculated as oleic acid 843 
Isomeric dibydroxystearic 
acid (calculated as oleic} 877 
acid) 

Total 237°00 100°00 
Unsaponifiable Matter. 


From alcohol the unsaponifiable matter deposited a curdy mater- 
ial, which after two crystallisations yielded a product melting at 
75—77°. Under the microscope it appeard to consist partly of needle- 
like erystals and partly of a substance retained in the mother liquor. 
It gave no test for a sterol. In cold concentrated sulphuric acid 
it slowly developed a yellow colouration but the bulk remained in- 
soluble. The amount of the substance being very small further iden- 
tification was not possible. 

The filtrate of this substance after standing overnight was found 
to deposit a granular substance which after three crystallisations 
yielded colourless plates, m. p., 183-—34°. It gave all the cha- 
racteristic colour tests of phytosterol and an acetate melting at 
118-19°. The melting point of the substance and that of its acetate 
indicated its identity with sitosterol. 


SuMMARY. 


The fat from the seeds of Vateria indica has been found to contain 
the glycerides of myristic, stearic, lignoceric, elaidic (isooleic?) 
and oleic acids together with sitosterol melting at 183—34°. The 
presence of palmitic and arachidic acids has not been detected. 


Forest ResEarcH INSTITUTE, Received March 17, 1933. 
Deura Dey. 








On the Study of Polyhalides. Part II. Formation and 
Dissociation of Chloro-dibromides and Tri-bromides of 
Sodium, Potassium, Strontium and Barium. 


By Susm Kumar Ray. 


Polyhalides of the alkali metals have been the subject of numerous 
investigations and polyhalides of rubidium, caesium and ammo- 
nium, stable at ordinary temperatures have long been known. 
Some references to the literature of the polyhalides of the 
alkali metals were given in the first part of this work (Ray, J. 
Indian Chem. Soc., 1952, 9, 259). So far the formation of alkali 
polyhalides have been studied with the aid of the solubility, partition, 
conductivity and spectroscopic experiments. In the present paper, 
the formation and dissociation of the polyhalogen compounds of the 
metals ofthe alkali and alkaline earths have been studied with the 
aid of the freezing point method (cf. Ray, loc. cit.). It has been 
shown that the formation of the polyhalogen compounds like NaClBrg. 
KCIBrg, Sr,ClBrg, Ba,ClBre, NaBr;, KBrsg, Sr,Br; and Ba,Br, 


can be definitely established by this method. The reactions were 
always studied in dilute solutions (NV /2 to N/16) and with moderate 
concentrations of halogens. The action of iodine on the chlorides 
could not be studied owing to the sparing solubility of iodine in the 
dilute solutions of the chlorides. 


The equilibrium constants of the reactions 
XCl+ Bro === XCIBr, 
and XBr+ Brg === XBr;, 


(where X stands for Na, K, JSr or 4Ba) or expressed ionically 


Cl+ Br, = CIBry 


Br+ Bro === Br;, 
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and the heats of formation of the complexes ClBrg and Br; have been 
calculated on the basis of the above equations. 

The interaction between the halogens and the halides of stron- 
tium and barium cannot be represented, owing to the ionisation of 
these halides by stages, in the above simple way. The reaction for 
instance, between bromine and barium chloride can be expressed in 
the following way: 


BaClye=—*BaCl +Cl 


+ ++ - 
BaCl——Ba + Cl 


Cl+ Bros CIBrg 
BaCl + CIBrpae—==SBaCl,Br, 
BaCl, + 2Brg=———=BaCl, Br, 


In very dilute solutions the normal reaction (i) takes place. In 
concentrated solutions of BaClg, the conversion of BaCl, into 


Ba and C1 ions may not be complete and the reaction may take place 
to acertain extent according to the scheme (ii). Besides, the re- 
action may also be molecular (iii). It will be noticed that in the 
case of strontium and barium, the equilibrium constants are found 
to vary toa certain extent. The reason being that the degree of 
dissociation of the halides of the metals of the alkaline earths being 
small in comparison with that of the alkali metals, the change in 
their degree of dissociation by the formation of the complexes cannot 
be neglected. Besides the likely formation of BaClgBrg and the 
higher complexes (the solution becoming sufficiently concentrated at 
the low temperature) would lead to some complications. Moreover, 
there is also some !ikelihood of hydrolysis taking place. 

In the following experiments the calculation of the equilibrium 
constants, the degree of dissociation of the halides, the heats of 
formation of the complexes, etc., were calculated as in the first part 
of this work (loc. cit.). 

The method of procedure is practically identical with that 
described in the first part of this paper for polyhalides of hydrogen 
(loc, cit.). 





Depressicn 
actual. 


N /2-NaCl 


N/2-NaCl + Bry 


” 


N/4-NaCl 


N/4-NaCl + Brg 


N/8-NaCl 


N/8-NaCl + Brg 


N/16-NaCl 


N/16-NaCl + Bry 


Mean value of K =5°654. 


ON THE 


TaBLe I. 


Formation of NaClBrg. 


calc. 


1°795 0°929 
0°2179 
0°050 0° 1564 
0°042 0°1376 
0-910 0°4645 
0°120 0°2401 
0°2179 
0°1623 
0°2322 
0°2351 
0°1905 
0°1042 
0°1160 
0°150 0°1880 
0°105 0°1324 


0°067 0°0871 


in g. per 
25 c.c. K. 


0°0 
0°4691 
0°3367 
0°2962 
00 
0°5169 
0°4690 
0°3494 


0°0 


00 
0°4048 6°095 
0°2852 5°542 


0°1877 5°802 


Mean value of 1/K =0°1769. 
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Depression Conc. of Br Equilibrium Dissocia- 
constant tion con- 
stant 1/K. 


0°1825 
0°1918 


0°1817 


0°1743 
0°1732 


0°1889 


o°1601 
0°1709 


0°1712 


0°1641 
0°1804 


0°1724 


Degree of 
dissociation 
a. 


0°6677 
0°6561 


0°6237 


0°7979 
0°7930 


0°7686 


Mean temp. = --0°94°. 
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TABLE II. 
Formation of KCIBro. 


Depression Depression Conc. of Br Equilibrium Dissocia- Degree of 
actual. calc. in g. per constant tioncon- dissocia- 
25 c.c. K. stant 1/K. tion a». 


N/2-KCl 1°805 0°929 0°0 set oe 
N/2-KCl + Bry 0°075 0°2444 0°5261 58S 0°1697 0°3069 
0°062 0°2033 0°4378 5° 0°1730 0°3040 
o 0°040 0°1324 0°2852 5°86 0°1651 0°3020 
N /4-KCl 0-915 0°4645 0°0 
N/4-KCl + Brg 0°107 0°2222 5°97: 0°4816 
0°080 0°1795 5°945 0°4458 
“ 0°070 0°1479 “BAL ‘ 0°4735 
N/8-KCl 0°465 0°2322 i wn hae een 
N/8-KCl + Brg 0°137 0°2068 0°174 0°6624 
0°105 0°1590 : 0°177 0°6606 
os 0080 0°1247 F 0-179 0°6412 


N/16-KCl 0°230 0°116 00 eee eee 


N/16-KCl + Bry 0°115 0°1636 0°3522 *926 0°1691 0°7030 


0°105 0°1316 0°2833 0°1781 O'7979 


0°080 0°1017 0°2190 “BL 0°1882 0°7866 
Mean value of K=5°739. Mean value of 1/K=0°174. Mean temp. = —0°98°. 


The value of the dissociation constant as obtained by Job (Ann. 
Chim., 1928, z, 9, 148), at 16° is0°190. The heat of formation of 
CIBrg ion was calculated between the temperatures,—0-98° and 
16° (Job) and was found ‘to be 798 calories; the value obtained by 
other investigators are as follows: Job(loc. cit.) from KCIBrg, 1000 
calories and Ray (loc. cit.) from HCIBrg, 1044 calories, 
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Tasie III, 
Formation of 8r,ClBrg. 






Depression Depression Conc. of Br Equilibrium Dissocia- Degree of 
actual. cale. in g. per constant tion con- dissocia- 
25 c.c RK. stant 1/K. tion ay. 










N/4-SrClg 0°675 0°4645 00 eee 
N/4-SrCly + Bry 0°125 0°2188 0°4710 12°02 0°0832 0°5714 
0°2742 12°11 
0°2208 10°00 














0°1274 





” 0°065 
° 0055 






0°1026 






N/8-SrCle 0°375 0°2322 «=O se - in 
N/8-SrClp+ Brg 0°15 01846 03974 1088 00917 06772 
0°3127 10°70 













” 0°095 0°1453 








N/16-SrCly 0°230 0116 00 
N/16-SrClo+Brg 0°090 0°1265 02723 10°10 0°0992 07115 
0°0863 0°1858 10°48 0°0955 0°6604 















” 0°057 













Mean value of K=10°90. Mean value of 1/K=0°0918. Mean temp. = —0°51°. 


TaBLe IV. 






Formation of Ba,ClBrg. 






Depression Depression Conc. of Br Equilibrium Dissocia- Degree of 
actual, cale. in g. per constant tion con- dissocia- 
25 c.c. K. stant 1/K. tion ay. 
















N/4-BaCly 0°645 04645 00 re ‘is os 
N/4-BaCly+Brg | 0135 0°2240 04820 13°53 00739 06029 
0:100 0°1675 —0°3606 0°5970 
0°0786 ~=—-0"1692 05088 






















” 0°040 
N/8.BaCly 0°330 0°2322 0°0 
N/8-BaCle+Br, 0°115 0°1590 0°3422 13°34 0°0750 0°7235 
0°060 0°0888 0°1914 13 06 0°0767 0°6751 




































N/16-BaCl, 0°215 0°1160 00 
N/16-BaClz+Brz 0°100 0°1402 0°3017 12°74 0°0785 0°7186 
0°0914 0°1969 14°49 0°0690 0°6561 





















0°060 












Mean value of K=13°03. Mean value of 1/K=0°0767. Mean temp.=—0°48°. 


7 
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TABLE V. 


Formation of NaBrs. 


Depression Depression Conc. of Br Equilibrium Dissocia- Degree of 


actual. calc, in g. per constant tioncon- dissocia- 
25 ¢.c. K. stant1/K. tion ag. 
N/4-NaBr 0°925 0°4645 00 
N/4-NaBr+ Brg —0°067 02679 0°5766 22°63 0442 02450 
- 0°057 0°2478 0°5335 23°15 0°0432 072806 
_ 0°037 0°1768 0°3807 21°98 0°0455 02001 
N/8-NaBr 0°465 0°2322 0 
N/8-NaBr + Brg 0°110 0°2418 0°5206 22°28 0°0449 0°4548 
_ 0°077 0°1888 0°4065 22°55 0°C443 0°4075 
= 0°032 00972 0°2098 22°86 0°0438 0°3284 
N/16-NaBr 0°235 01160 =0°0 
N/16-NaBr+Brg 0°122 0°1897 0°4084 21°60 0°0464 0°6431 
- 0°080 0°1368 0°2944 23°50 0°0425 0°5851 
i 0°045 0°0881 0°1895 23°41 0°0421 0°5112 


Mean value of K=22°66. Mean value of 1/K=0°0441. Mean temp. = —0'65°. 


The values of the dissociation constants obtained by Griffith, 
McKeown and Winn (loc. cit.) are as follows: 1/K at 16°5°, 0-0560 
and 1/K at 21-5°, 0-0593. 

The heat of formation of Br; ion was calculated between the 
temperatures — 0°65° and 21°5° (Griffith, McKeown and Winn, 
Trans. Faraday Soc., 1932, 28, 101) and was found to be 1917 
calories. This is of the same order as those found by other investiga- 
tors as given below: 


Berthellot (Compt. rend., 1882, 94, 1618) 
Lewis and Randall (J. Amer. Chem. Soc., 1916, 38, 1618) from KBr 1650 
Job (loc. cit.) -— ‘ia from KBrg ... 2080 
eee 1467 a 


oa «+» 1290 calories. 


Ray (loc. cit.) one — from HBr; 
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TaBLe VI. 


Formation of KBrs. 


Depression Depression Cone. of Br Equilibrium Dissociation Degree of 
actual. calc. in g. per constant K. constant 


A don — —" 
N/4-KBr 0 920 0°4645 00 
N/4-KBr+ Brg 0°052 0°2308 0°4967 = 23°17 0°0432 0°2253 
0040 0°1897 04084 22°06 0°0453 0°2061 
” 0°027 0°1401 0°3017 =. 22°81 0°0438 0°1927 
N/8-KBr 0°470 (0)°2322 00 
N/8-KBr+Brg 0°107 0 2401 O'5169 23°44 0°0427 0°4457 
0°08) "1940 O4177 = =22°52 00444 0°4124 
™ 0°047 O°1294 0°2723 22°63 0°0440 0°4349 
\/16-KBr 0°230 O'116 vu i 
N/16-KBr + Bry 0°135 0°2077 O'447L = 23°27 0°0430 0°6500 
0097 0°1598 O°3441 22°77 0°0439 0°6019 
- 0057 01052 ~—C«; 0°2263 =—-23°16 0°0422 0°5422 
Mean value of K=22°87. Mean value of 1/K=0°0137. Mean temp. = —0'65°. 


The values of the dissociation constants, obtained by other inves- 
tigators are given below: 


Jones and Hartinann (J. Amer. Electrochem. Soc., 1916, 20, 295) ... 0-051 at 0° 
Jakowkin, (caleulated by Lewis and Randall, loc cit.) ... -+» 0°062 at 25° 


Worley (calculated by Linhart, J. Amer. Chem. Soc., 1918, 40, 158) 0°063 at 26°5° 


Worley (J. Chem. Soc., 1905, 87, 1107) . 0°065 at 32°5° 


Griffith, McKeown and Winn (loc. cit.) peed ' 4a 
The heat of formation was calculated between the temperatures 
—0°65° and 21°5° (Griffith and others) and was found to be 1976 


calories, which agrees very closely with the values obtained by other 
investigators (loc. cit.). 
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TaBLeE VII. 


Formation of Sr, Br. 
Depression Depression Conc. of Br Equilibrium Dissociation Degree of 
actual. cale, in g-per constant constant dissociation 
25 c.c. K. 1/K. a. 
N/4-SrBrg 0°690 0°4645 0°0 
N/4-SrBr,+Brz  0°095 0°2564 0°5520 0-0142 0°3705 
- 0 065 02197 0°4729 0°0159 0°2959 


» 0 035 0°1512 0°3256 00176 0°2315 


N/8-SrBro 0°399 0°2322 0°0 
N/8-SrBrg+ Brg 0°075 0°1897 0°4084 
0035 0°1198 9°2579 


N/16-SrBro 0°235 O°116 00 ove one oe 
N/16-SrBrg + Brz 0°085 0°1665 0°3588 52°32 00191 0°5102 


” 0°069 0°1350 0°2907 56°98  0°0176 0°4445 
Mean value of K=61'34. Mean value of 1/K=0°0168. Mean temp. = —0°48°. 


TaBie VIII. 


Formation of Ba, Br3- 


Depression Depression Conc. of Br Equilibrium Dissociation Degree of 
actual. cale. in g. per constant constant dissociation 
25 c¢.c. R. 1/K. a. 
N/4-BaBrg 0°680 0°4645 0°0 
N/4-BaBro+Brg 0°115 0°2914 0°6273 0°0135 
0°055 0°2033 0°4378 0°0133 


035 01538 0°3311 00150 


N/8-BaBr2 0°380 0°2322 0°0 “as eve 
N/8-BaBre+Brz 0°100 0°2051 0°4416 
0°065 0°1718 0°3698 


” 

N/16-BaBr, 0°230 0°116 00 

N/16-BaBro+ Br2 0°095 0°1872 0°4024 61°01 0°0164 0°5076 
- 0°055 0°1290 0°2777 62°90 0°0159 0*4263 
Mean value of K=69'48. Mean value of |/K=0°0144. Mean temp.=—0°51°. 
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From a comparison of the equilibrium constants of the reactions 
involving the formation of ClBrg, ClI,, Br, BrI,, and I; ions it will 
be seen that the equilibrium constant for the same complex ion 
varied with the nature of the cation of the halide employed. This 
is evident from the values tabulated below: 


Value of Equilbrium Constants. 
Cations. 


Na. K. 
5°654 5°739 
(-—1°) (-1°) 
5°2638 
(16°) 


35713 
(16°) 
2°3254 
(25° 


22°87 
(-06°) 
17°36 
(21°5°) 
16°13° 
(25°) 


18°523 

(16°) 
14°28? 12°994 
(30°) (25°) 


772°74 720°94 719°44 
(25°) (25°) (25°) 


These divergences in the values of the equilibrium constants 
become strikingly evident from the following curves, obtained by 


Ray (/oc. cit.). 

Ray and Sarkar (J. Uhem. Soc., 1922, 21, 1449). 
Job (loc. cit.). 

Jakowkin (Z. physikal. Chem., 1896, 20, 19). 
Lewis and Randall (loc, cit.). 

Griffith, McKeown and Winn (loc. cit.). 
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plotting the values of the equilibrium constants against the respec- 
tive ionic radii. The values of the ionic radii for Na*~(0°98A) and 


Fig. 1. 


Equilibrium constant, 








0°5 10 
Tonic radius. 


Fia. 2. 





“kn 5 


Equilibrium constant. 





no* 








01 05 1°0 
Tonic radius. 
K*(1°33A) were taken from Goldschmidst (Trans. Faraday Soc., 
1929, 25, 282). The ionic radius of H* being assumed to be less 
than that for Li* (0°78A) and was taken to be 0°5A. Slight tem- 
perature differences were neglected. The values of Br;(at 25°) and 
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BrI, (at 30°), in presence of sodium ion and potassium ion respec- 
tively, were calculated from data quoted above. 

As it is intended only to indicate the influence of cationic volume 
upon the stability of any complex polyhalide ion formed, the nature 
of the curve or the relative values of the equilibrium constants are 
not in any way affected by tracing the curves for different tempera- 
tures for different complex ions. 

It was assumed that the above reactions are all ionic, the cons- 
tancy of the value of the equilibrium constants being obtained on 
that assumption. Thus for the formation of the complex ions, for 
instance ClBry, the value of the equilibrium constant on this 
assumption should remain unchanged, irrespective of the nature of 
the cation, but actually they are found to differ. It will further be 
noticed, that in the case of the chloro-dibromo ions, this difference 
is the greatest; it then decreases and practically vanishes in the case 
of Br, ion, the differences again becoming pronounced in the case of 
BrIy and [; ions but in the opposite direction. This peculiar pheno- 
menon cannot be explained by the assumption that the reaction is 
also to a certain extent molecular, the halide being completely dis- 
sociated in the dilute solutions employed. 

The influence of this cationic volume upon the stability of the 
complex polyhalogen ion can be explained when not only the volume 
of the cation, but also the polarisability of the halogen molecule as 
well as that of the halogen ion is taken into consideration. As is 
well known, the polarisability of the halogen molecules and the halo- 
gen ions increases with their atomic volume, i.e., in the order 
chlorine —> bromine —> iodine. On the other hand, the polari- 
sing capacity of the cations diminishes with their volume i.e., in the 
order H —> Na —>K ete. 

The two extreme cases of HC|Br, and HI, can now be represented 
by the following models: 


Tonic_Radius. 
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In I the replacement of H' by Na° or K° of larger volume will 
naturally increase the stability of ClBrg ions, whereas in II such 
replacement will diminish the stability of I’, to a certain extent as 
the polarising power of cation diminishes. This also accounts for the 
higher values of equilibrium constants with larger halogen molecules 
and ions, which are more easily polarisable. In I the Cl-ion is not 
appreciably polarised on account of its smaller volume and greater 
electron-affinity. 

The cases of strontium and barium were not considered, for in 
their cases the influence of the SrCl or BaCl ion besides Sr or Ba ion 
complicates the matter. Moreover, the values of the equilibrium 
constants obtained in their cases are not accurate but only approxi- 


mate. 


SumMMary. 


By means of the freezing point depressions, the formation of 
polyhalides of the metals of the alkali and the alkaline earths have 
been confirmed and their dissociation constants determined at their 
freezing points. From the dissociation constants at the freezing 
points and from those at other temperatures determined by different 
investigators, their heats of formation have also been calculated. 
The following table gives the values of the dissociation constants 
and the heat of formation of the complexes : 


NaClBrg KCIBrg Sr, ClBrg Ba, CIBrg NaBr; KBr3 Sr, Bry Ba, Br; 


Dissociation 0°1769 0174 0°092 0°077 0°0441 0°0437 0'°016 O04 
constant 


Heat of forma- ... 798 s — 1917 1976 
tion (calories) 

The divergence in the values of the equilibrium constants for any 
complex polyhalide ion with different cations is attributed to the 
electrostatic forces operating between the cation, the halogen ion 
and the halogen molecule. 
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College of Science and Prof, A. Maitra of the Presidency College for 
the kind interest in the work. 
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Solubilities of Weak Acids in Salts of Weak Acids at 
Very High Concentrations. 


By 8. S. Doosas anp W. V. Baacwar. 


Philip (J. Chem, Soc., 1905, 87, 897) and Philip and Garner (ibid., 
1909, 95. 1466) have determined the solubilities of sparingly soluble 
acids in solutions of sodium salts of weak acids, but the range of the 
concentrations of sodium salt, they have investigated, is very small 
and that too very limited. In this paper, we have extended this 
work and have determined the solubilities of weak acids in very high 
concentrations of sodium salts of weak acids as well as for very low 
concentrations of these salts. 


Our results of the solubilities are recorded below. 


Taste I. 
Solubility of benzoic acid. 
(a) In sodium formate. Temp., 30°. 


Conc., g. /litre. 








— 


Sodium formate. Benzoic acid. Sodium formate. Benzoic acid. 
0 4°033 28°6356 10°920 
4°0541 6°339 42°9536 12°297 
6°0862 6°964 84°0178 16°348 
12°1724 8°404 112°0237 17°885 
21°4768 9°838 168°0356 20°325 
8 
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(b) In sodium acetate. Temp., 30°. 


Conc., g./litre. 





Sodium acetate. Benzoic acid. Sodinm acetate. Benzoic acid. 

0 4°033 27°3110 17°72 

2°2322 5°750 33°6607 19°56 

4°4643 7°484 46°4287 23°10 
8°9286 58'0359 
11°0544 67°3214 
14°5099 100°9822 
23°7605 134°6428 


201°9644 


(c) In sodium salicylate. 
Sodium salicylate. Benzoic acid. Sodium salicylate. Benzoic acid. 
0 4°033 73°0209 
9°4220 4°174 97°3612 
13°9087 4°252 146°0418 
26°5530 5°029 194°7224 
46°6806 5°759 292°0836 


58°4167 6684 


(d) In sodium citrate. 
Sodium citrate. Benzoic acid. Sodium citrate. Benzoic acid. 
0 4°033 33°2951 19°24 
5°3701 7°509 55°4918 25°62 
7°9274 83°2377 80°20 
15°1341 110°9836 34°08 


27°7459 116°4754 39°38 
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TaBLe II. 
Solubility of salicylic acid. 
(a) In sodium formate. Temp., 30°. 


Conc., g. /litre. 





Sodium formate. Salicylic acid. Sodium formate. Salicylic acid. 
0 2°743 33°2340 
4°6456 8°624 36°0035 
6°8578 10°35 48°0047 
9°0009 2°08 720071 
13°0922 ‘li 144°0142 


24°0024 


(b) In sodium acetate. 
Sodium acetate. Salicylic acid. Sodium acetate. Salicylic acid. 
° 0 2°743 36°4989 
2°3547 1°828 43°7986 
3°5322 6°026 72°9977 
7°0643 9°122 109°4966 
1074281 11°73 218°9932 147*20 


19°G90S7 19°32 


(c) In sodium citrate. 

Sodium citrate. Salicylic acid. Sodium citrate. Salicylic acid. 
0 2°743 33°2951 29°73 
5°3701 7°875 554918 43°17 
7924 83°2377 57°15 

15°1313 o°9% 110°9836 


27°7459 156°4754 
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(d) In sodium benzoate. Temp., 14°5°. 


Conc., g./litre. 





Sodium Salicylic "Sodium Salicylic 
benzoate. acid. benzoate. acid. 


0 1°667 34°6121 4°189 
2°427 576869 4°436 
3°393 86°5303 4°285 
3°829 115°3737 4°513 
4°171 173°0606 5°460 


(e) In sodium chloride. Temp., 25°. 


Sodium Salicylic Sodium Salicylic 
chloride. acid. chloride. acid. 


0 2°478 19°60 2°075 
2°229 29°40 2°000 
2°219 39°20 1°901 
2°150 58°80 1719 
2°125 

TABLE IV. 
Solubility of cinnamic acid, 
(a) In sodium acetate. Temp., 30°. 


Conc., g. /litre. 





Cinnamic Sodium Cinnamic 


acetate. acid. acetate. acid. 


0 0°6937 36°4989 6563 
2°3574 1°763 43°7986 7°224 
3°5322 2°334 72°9977 9°162 
7°0643 2°907 109°4966 11°10 

10°4281 3°525 218°9932 18°41 


19-9087 4°525 
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(b) In sodium citrate. Temp., 30°. 


Conc., g. /litre. 








Sodium Cinpamic Sodium Cinnamic 
citrate. acid. citrate. acid. 


0 0°6937 33°2951 9 404 
53701 3469 55°4918 11°75 
7°9274 1317 §3°2377 12°79 
15-1311 6322 110°9836 13°69 


27°7459 8486 1664754 14°49 


(c) In sodium benzoate. ‘Temp., 16°3°. 


Sodium Cinnamic Sodium Cipnamic 
benzoate acid. benzoate. acid. 

0 o3014 34°6121 2°997 
1°7306 0°7827 57°6868 1212 
3°4612 1021 86°5303 5121 
6°9224 1 393 115°3737 5°571 


17°3061 2 069 


TaBLE LV. 
Solubility of succinic acid, 
(a) In sodium salicylate. Temp., 14°3°. 


Conc., g./litre. 





Sodium Succinic 0 Succinic 
Salicylate. acid.. salicylate. acid. 


0 50°23 81°0667 82°94 
11°5809 59°00 121°6 93°71 
22°1091 63°84 162°1333 


40°5333 70°98 243°2 
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(b) In sodium chloride. Temp., 25°. 


Conc., g./litre. 





Sodium Succinic Sodium 
chloride. acid. chloride. 


0 70°03 313°2777 

17°7001 74°85 316°0748 

35°4003 68°55 319°0124 
44°2505 66°5! 321°8218 
118°0012 52°28 327 8713 
177°0019 42°27 333° 9658 
36°03 5347°0611 

26°52 354°0038 


Discussion. 


(a) From our experimental results on solubilities it is observed 
that the solubility of a stronger acid is greater than that of a weaker 
acid for the same concentration of a sodium salt. It will be seen 
from the results that the solubility of these acids in pure water at 30° 
is of the same order of magnitude. But when we consider their 
solubilities in various concentrations of sodium salts such as sodium 
formate, sodium acetate and sodium citrate, the solubility of the 
stronger salicylic acid rapidly increases and is always greater than 
those of the weaker benzoic and cinnamic acids, although in pure water 
the solubility of benzoic acid is greater than that of salicylic acid. 

(b) When we consider the solubilities of cinnamic and sali- 
cylic acids, we find that the solubility of salicylic acid increases more 
rapidly with the concentration of sodium benzoate than that of 
cinnamic acid for very low concentrations. When, however, the con- 
centration of sodium benzoate increases, the solubility of cinnamic 
acid increases with the same rate, although the solubility of salicylic 
acid increases very slowly and that of the cinnamic acid finally 
exceeds the solubility oi salicylic acid. 

(c) The values for the solubility of succinic acid obtained in 
various concentrations of sodium salicylate are still more striking. The 
benzoic and succinic acids are more or less equally strong and 
it would, therefore, appear that the increase should practically be the 
same in both the cases. It is, however, observed that the increase 
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in solubility for the same concentration of sodium salicylate is much 
greater for succinic acid than for benzoic acid. When however the 
concentration of sodium salicylate exceeds 1M, the solubility of 
succinic acid instead of increasing with the concentration goes on 
decreasing, first gradually, and then rather rapidly. 

(d) When the solubility of salicylic acid in sodium chloride is 
considered, the solubility falls first very rapidly with the concentra- 
tion of sodium chloride and then very slowly. With succinic acid, 
the solubility increases fcr very low concentrations of sodium 
chloride and then gradually decreases. 

It is clear from the above observations that the dibasic succinic 
acid behaves differently from the monobasic acids. Moreover, it 
should be observed from (b) that salicylic acid also slightly deviates 
from the general rule. Thus it appears that the increase in solubility 
of weak acids in their sodium salts is governed not only by their 
dissociation constants but also influenced by the basicity of the acid; 
this increase also depends on whether the acid is a normal or hydroxy 
acid. 

If we compare the solubility of the same acid in various salts, 
it is observed that the solubility is greater and increases more rapidly 
in the salt of a weaker than in that of a stronger acid of the same 
concentration. 

An interesting relation is observed when we study the solubilities 
of benzoic, salicylic and cinnamic acids in sodium citrate. Although 
citric acid is stronger than formic acid, yet the solubility of salicylic 
acid is much greater in sodium citrate than in sodium formate. 
Similarly the solubility of benzoic acid is much greater in sodium 
citrate than in sodium formate of the same concentration. The 
solubility of salicylic acid is more or less the same in sodium citrate 
and sodium acetate when the concentration of sodium salt is low, 
although citric acid is much stronger than acetic acid. At higher 
concentrations of the salts, the solubility of salicylic acid is much less 
in citrate than in acetate. 

The solubilities of benzoic and cinnamic acids in the above two 
salts show a peculiar behaviour. For low concentrations of the salts, 
the solubilities of these acids are greater in sodium citrate than in 
sodium acetate, although acetic acid is a much weaker acid than 
citric acid, but with increase in concentration, the solubilities of 
cinnamic and benzoic acids are now less in sodium citrate than in 
sodium acetate of the same concentration. The solubility of salicylic 
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acid at low concentration is the same in sodium citrate, and sodium 
acetate ; it is greater in case of benzoic acid in sodium citrate and 
this variation is still greater in case of cinnamic acid. Thus citrate 
shows a peculiar behaviour. 

In case of sodium formate and citrate, it will be seen that the 
rate of increase in the solubility of salicylic acid in sodium citrate is 
rapidly falling and if sufficiently high concentrations are taken, the 
solubility of salicylic acid may become less in sodium citrate than in 
sodium formate as expected on the basis of the strength of the acids 
from which these salts are prepared. 

The behaviour of sodium salicylate is rather striking ; salicylic 
acid is stronger than formic acid and it is expected that the solubility 
of a dissolved acid should be less in sodium salicylate than in sodium 
formate and this conclusion is borne out only at the low concen- 
trations of these salts. This behaviour is exactly the reverse of 
that of sodium citrate, in which the solubility at first increases and 
then diminishes at higher concentrations of sodium citrate. 

The solubility of the weak acid instead of increasing on addition 
of a salt of a strong acid actually falls. Thus the solubilities of sali- 
eylic and succinic acids are less in sodium chloride than in pure 


water. 
SuMMARY. 


(1) Solubilities of benzoic, salicylic, cinnamic, and succinic 
acids in sodium formate, sodium acetate, sodium salicylate, 
sodium citrate, sodium benzoate and sodium chloride have been 
determined over a very wide range of concentrations. 

(2) The experimental results with solubilities show that the solubi- 
lity of a weak acid in sodium salt of a weak acid depends on the 
strength of the acid used. Thus when we are considering the solubi- 
ties of various acids in the same salt, generally the stronger acid is 
more soluble but the solubility is also influenced by the basicity and 
the nature of the acids. Thus the solubilities show deviation from 
the general rule in the case of succinic acid which is dibasic and 
in case of salicylic acid, which is a hydroxy acid. 

(3) When the solubilities of weak acids in salts of very strong acids 
are considered, it is found that the solubility in the salt solution is less 
than that in pure water and decreases with the increase in concen- 
tration of sodium salt. Thus sodium chloride shows this behaviour 
with salicylic and succinic acids. 
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Adsorption of Sodium Linoleate in Preference 
to that of Sodium Oleate on the Surface of 
Nickel and Copper. 


By B. 8. SRIKANTAN, 


Rideal (Trans. Faraday Soc., 1923, 19, 90) froma study of the 
relative rates of hydrogenation of the salts of cinnamic and phenyl- 
propiolic acids in presence of colloidal palladium observed that 
at low concentrations of the sols, the phenylpropiolate is hydrogena- 
ted twice as fast as the cinnamate. He suggests that it is not due to 
preferential adsorption of the more unsaturated salt, but that the salts 
are not desorbed from the surface till completely saturated and that 
the phenylpropiolate takes up two hydrogen molecules from palladium 
in the same time as the cinnamate takes up one. But most of the 
work on hydrogenation of oils involves the p-ssibility of preferential 
hydrogenation of the more unsaturated glycerides (Moore, Richter 
and van Arsdel, Ind. Eng. Chem , 1917, 9, 451; Richardson, Knuth 
and Milligave, Amer. Chem. Soc., Sept. Meeting, 1923). 

The present investigation was undertaken with the object of studying 
the effect of double bonds in adsorption processes at catalyst surfaces. 
The sodium salts of oleic and linoleic acids were chosen for study. 
The catalysts used were copper and nickel, If, (as is usually assumed) 
straight-chain fatty acids do not lie flat on the surface but stand 
upright, being adsorbed by the end radicle like -COOH group, one 
need not expect preferential adsorption ; but if the molecules lie flat 
being multiply adsorbed through the agency of double bonds (Burk, J. 
Phys. Chem., 1926, 30, 1134), then one could account for preferential 
adsorption of the substance having greater number of double bonds 
over the other with a smaller number of double bonds. 


EXPERIMENTAL, 


Preparation of soap.:—The soaps were prepared by the methods of 
Mebain. Alcoholic solution of sodium hydroxide was added to alcohlic 
solutions of the acids till the acids were neutralised. The soaps 
were washed several times with alcohol, and dried in a vacuum desi- 
ecator. The sample of sodium oleate was perfectly white and melted 
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between 233-34°, The linoleate was soxhleted with petrol and re- 
peatedly crystallised from methyl alcohol and dried (m. p. 244°, 
decomp.). 

Preparation of nickel.—Nicke] carbonate was precipitated by 
the action of a cold solution of sodium carbonate saturated with 
carbon dioxide on a saturated solution of nickel nitrate, It was 
washed free from nitrate and dried at 100°, reduced at 320° for 3 
hours in a current of dry electrolytic hydrogen, free from oxygen. 
Nickel reduced below 270° was found to be pyrophoric and could not 
be worked with Nickel reduced at 320° was stable and was always 
kept in a vacuum desiccator except when taken out for weighing. 

Preparation of copper.—Dark-red copper oxide was precipitated 
from a concentrated solution of copper sulphate by a concentrated 
solution of sodium hydroxide. It was washed thoroughly with distilled 
water till free from traces of alkali. The filtre cake was dried at 100°. 
The oxide when reduced at 200° was very pyrophoric. So it was 
reduced at 320° by a slow current of dry electrolytic hydrogen, free 
from oxygen. The copper was orange-red in colour, made into uni- 
form powder and kept in a desiccator. 

Method of work.—The soap solutions employed were between 0'1- 
0°5%. The method of estimating the concentration of soaps in solution 
before and after adsorption was by the use of Donnan’s drop pipette 
(Z. physikal. Chem , 1899, 31, 42). The number of drops in a known 
volume of the solution of various concentrations was first noted. The 
change inthe drop number with concentrations at 30° is given in 
Table I. The pipette was always cleaned and dried before each 
observation. 


TABLE I. 
Temperature 30° 


% of soap a w+ 0°000 0°050 0°100 0°200 0°250 0°400 0°500 
Sod. oleate ... 173 303 9378 422 429 446 455 


Drop. Nos. { 


Sod. linoleate ... 173 = 236 277 330 347 358 368 


Weighed quantities of the catalysts in contact with 50 c.c. of soap 
solutions of different cencentrations in well stoppered bottles were 
kept in an accurately controlled thermostat at 30° for a day. The drop 
numbers of solutions after adsorption were found out. The concentra- 
tions of the soap solutions after adsorption were read off from the 
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drop number-concentration graph drawn with the help of Table I. 
The value of the concentrations of solutions before and after adsorp- 
tion gave the figures for the amount of soap adsorbed from 100 c.c. 
of solution. Table II gives the summary of the results. 


TaBLeE II. 
Nickel. 


Wt. of Drop No. Amount adsorbed 
catalyst. Soap conc. after adsorption from 100 c.c. 
Oleate. Linoleate. Oleate. Linoleate. 


0°6 g. 02% 305 0°0025 0°0574 
0°4 343 0°0100 01624 
0°5 5 336 0°0574 0°2850 
oe | 0°0230 0°0125 
02 : 0°0324 0°0625 
04 0°0500 0°1874 
05 00900 0°3144 
o1 25% 0°0700 0°0220 
0o2 4 0°1074 0°0774 
04 : ‘ 0°1100 0°2174 


02 0°0500 

04 0°2550 

0°5 0°3100 

02 266 0°0400 0°1140 

0% 324 0°0800 0°3124 

04 303 0°1400 0°2575 

05 443 222 0°1374 0°8174 
The results are of a preliminary nature. However, it appears that 
for concentrations of 0°2 % and more, the linoleate is adsorbed more 


in preference to the oleate. A detailed investigation at low concen- 
trations would be interesting. 
DgPARTMENT OF TPCHNICAL CHEMISTRY, 
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Studies in the Protective Action of Colloids. Part I. 
Ionic Adsorption in the Coagulation of 
Protected Sols. 


By SHripHAR SARVOTTAM JosHI AND A. JoGa Rao. 


A review of the literature on the subject showed that very little 
quantitative information is available on the ionic adsorption by a sol 
when coagulated in presence of a protecting agent. The follow- 
ing experiments were carried out with colloidal arsenious sulphide 
protected by variously concentrated solutions of gelatine, sodium 
oleate, and starch, using solutions of ferric chloride, barium chloride 
and hydrochloric acid as coagulators. 


EXPERIMENTAL, 


By preliminary experiments, the range of the proper concentra- 
tions of the solutions of the protectors was determined, so that for 
these values, the coagulation of a given concentration of the sol due 
to any of the variously concentrated solutions of the electrolytes used 
was complete within at least 48 hours. ‘The following procedure 
was adopted for measuring the ionic adsorption: 25 c.c. of the 
sol were taken into a number of 100 c.c. flasks which were 
previously well-cleaned, steamed and dried. In one of these flasks 
25 c.c. of distilled water were added to the sol; in thé rest, the same 
volume of the protector solutions of increasing concentrations were 
added. Then in every one of these, 50 c.c. of the electrolyte solution 
of a known concentration were carefully added, the mixture was 
once shaken, and allowed to stand for subsequent analysis. The 
concentration of the electrolyte was such as to produce complete 
coagulation in all the systems within the period mentioned above. 
The amount of ionic adsorption was measured by withdrawing a 
known volume from the clear supernatant layers of the flocculated sol. 

The results in Tables 1, [land III show the variation of the amount 
of ionic adsorption, when the concentration of the protector solution, 
viz., gelatine, was varied. Coagulations were produced by different 
concentrations of barium chloride solutions. The amount of barium 
adsorbed by the coagulum was estimated as barium sulphate by the 
familiar gravimetric method. Blank experiments in which arsenious 
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sulphide was not added, showed that any inaccuracy involved due to 
incomplete precipitation of barium sulphate due to the presence of 
gelatine added, was of the order of 0°1 per cent. 

a, denotes the original amount of barium present in the system 
before coagulation and is expressed as grams of BaSO,. The data 
under b, give the amount of the barium expressed in the same way 
after coagulation. The data under, {a—b), denote therefore the 
amount of barium adsorbed by the coagulum. The data in the last 
column express (a—b), as millimoles of barium. In the first column, 
under p, are given the percentage concentrations of the protecting 
solutions employed. 


TaBLe I. 
Sol protected by gelatine 


Cone. of the BaCl, solution =N/20. Conc. of the AsgS; sol=4 g. 
of AsgOz per litre. a=0°3065 g. 


Adsorption of Ba 


p- b. a—b. in m. mols. 


0°2904 0°0161 0°0694 
0°2870 0°0195 0°0835 
0°2876 0°0189 0°0809 
0°2916 0°0149 0°0638 
0°2912 0°0153 0°0656 
0°2892 0°0173 0°0741 
0°2840 0°0225 0°0964 
Only partial coagulation. 


TABLE II. 


Sol protected by gelatine. 


Cone. of BaCl, solution =N/20, Conc. of the AsgS,; sol=2 g. 
of AsO, per litre. a=0°2976 g. 


Adsorption of Ba 
in m. mols, 


0°0000 0°2888 0°0088 0°0377 
0°0016 0°2864 0°0112 0°0480 
0°0031 0°2966 0°0010 0°0043 
0°0063 0°2904 0°0072 0°0308 
0°0125 0°2936 0°0040 0°0171 
0°0250 0°2852 0°0124 C°0581 
0°0500 Much turbidity, but no settling. 

0°1000 Not much turbidity. 


p. b. a—b. 
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Tasxe IIT. 
Sol protected by gelatine. 


Cone. of BaCly solution =N/4. Conc. of the AsgS,; sol=1°8 g. 
of AsO, per litre. a=1°4560 g. 


Adsorption of Ba 


és b. a—b. in m. mols. 


0°0000 1°4440 0°0120 0°0514 
0°0012 1°4480 00080 0°0343 
0°0025 1°4412 0°0148 0°0634 
0°0050 1°4492 0°0068 0°0291 
0°0100 1°4444 00116 0°0497 
0°0200 1°4434 0°0126 0°0539 
0°0300 1°4416 0°0144 0°0616 
0°0400 | 

0°0500 } Only partial coagulation. 

0°1000 J 


The results in Tables IV, V, VI relate the amount of ionic ad- 
sorption at different concentrations of yelatine solution when ferric 
chloride was the coagulant. The amounts of the ferric ion adsorbed 
were estimated volumetrically by reduction with stannous chloride 
and titrating against standard dichromate solution. a, b, (a—b) have 
their previous significance; they are expressed as c.c. of normal di- 
chromate solution equivalent to the corresponding ferric chloride 
solutions, 


TaBLe IV, 
Sol protected by gelatine. 


Cone, of FeCl; solution employed=N/1. Conc. of the AsgS, =4 g. 
of AsgOz per litre. a= 102 (0°5187 c.c.). 


Pp. . a—b. Adsorption of Fe 
in m. mols. 


0°000 49 25°41 
50 25°94 

49 25°41 

25°67 

25°81 

25°31 

26°10 
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TABLE V. 


Sol protected by gelatine. 


Cone. of FeCl; solution =N/4.C onc. of the AsgS, sol=4 g. 
per litre. a=26°4 (0°5187 c.c.). 


p- b. . Adsorption of Fe 
in m. mols, 


0°000 14 ? 6439 
14 P 6°439 
13°25 
14°25 2° 6°275 
13°00 ; 6°955 
13°50 12°9 6697 


Incomplete coagulation. 


Taste VI. 


Sol protected by gelatine. 


Cone. of the FeCl], solution=N/4°5. Conc. of the AsgS, sol=4 g 
per litre. a=44°96 (0°2559 ¢.c.). 


p. Adsorption of Fe 
in m. mols. 


0°000 6°270 


0°005 ‘ 6°345 
24°71 6°333 

24°56 6°295 

20°90 24°06 6141 

20°50 24°46 6°269 

20°15 24°81 6°359 

19°70 25°26 6°474 


Incomplete coagulation. 
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The results in Tables VII and VIII show the variation of the ionic 
adsorption when barium chloride and hydrochloric acid respectively 
were used, with increasing concentrations of sodium oleate solutions. 
The adsorption of the barium ion was estimated as in the previous 
cases. Adsorption in coagulations with hydrochloric acid was esti- 
mated by titration with standard alkali solution. Due correction was 
applied in each case for the characteristic alkalinity of the sodium 
oleate solutions ; p, a, b, (a—b) have their usual significance, 


Taste VII. 
Sol protected by sodium oleate. 
Cone. of the BaCl, solution =N/2. Cone. of the AsgS, sol=4 g. 
of AsgQOy per litre. a=2°9692 g. 


a—b. Adsorption of Ba 
in m. mols. 


p- b. 
0-000 2°9512 0°0180 0°077 
0-103 2°9472 0°0220 0°095 
0°006 2°9392 0°0300 0°129 
0°012 2°9440 0°0252 0 108 
0°015 2°9432 0°0260 O11I 
0°018 2°9392 0°0300 0°129 
0°024 2°9094 0°0598 0°159 
0°030 2°9360 0°0332 0°142 
0°037 2°9334 0°0358 0°153 
0°045 2°9324 0°0368 0°158 
0°060 2°9308 0°0384 0165 


0°075 2°9332 0°0360 0°154 


In Table VIII, a denotes the original amount of the hydrochloric 
acid present in the system before coagulation, expressed as c.c. of 
standard alkali solution. b, (a—b) are expressed in the same way as 
previously ; p denotes the percentage concentration of the protective 
In this set, however, instead of keeping 
the volumes of the protecting solution and the coagulant, 25 c. ¢, 
and 50 c. c. respectively, they were reversed. 


agent solution employed. 


0 
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TABLE VIII. 
Sol protected by sodium oleate. 


Cone. of HCl solution employed=N/10. Cone. of the As,S, 
sol=4 g. of AsO, per litre. a=152°3 c. c. 


p. b. a—b. Adsorption of HC! 
in m. mols. 


161°40 ¢. c. 0°90 c. e. 0°0686 

150°09 2°20 0°1680 

149°79 2°51 071915 

149°54 2°76 0°2107 

149°71 2°59 0°1973 

0°30 148°16 , 0°3152 

0°40 146°99 : 0°4106 

0°50 146°62 5°6 0°4326 
Table IX gives results for the barium ionic adsorptions when 
starch solutions were employed as protectors. The volumes of the 


sol, protector, and coagulant, were the same as in the first seven 
sets, viz., 25 ¢.c., 25 ¢.c., 50 c.c. respectively 


TaBLe IX. 
Sol protected by starch. 


Cone. of BaCly solution employed=N/2. Cone. of the Aso, 


sol =6 g. of As,O, per litre. a=2°541 g, 
p. b. a—b. Adsorption of Ba 
in m. mols, 


0°00 2°8724 0°0817 0°350 
0°02 2°8698 0°0843 0°361 
0°04 2°8672 0°0869 0°372 
0°06 2°8664 0°0877 0°376 
2°8761 0°0780 0°334 
2°8910 0°0631 0°270 
2°8848 0°0693 0°297 
2°8788 0°0753 0°323 
2°8729 00812 0°348 
2°8660 0°0881 0°378 
2°8726 0°0815 0°349 
2°8770 0°0771 0°330 
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Next, the adsorption of barium ions by the simple, unprotected 
arsenious sulphide sol at various dilutions was determined, and the 
results are given in Table X. Sols of various dilutions were obtained 
by diluting 1, 24, 5c. c. ete., of the stock sol to 25¢.c. Into each 
of these, 25 c. c. of barium chloride solutions were added, and the 
adsorption of barium ions was estimated after 24 hours. The data 
in the first column, denoted by S, indicate the number ofc. c. of 
the stock As gS, sol diluted to 25 ¢. c. 


TABLE X. 
No protector used 


Cone. of BaCly solution=N/3. Cone. of the AsgS, sol=2 g. of 
AsgO, per litre, a=0°0946 g. 


Ss. b. a—b. Adsorption of Ba 
in m. mols. 


1 ce. c. diluted O'9882 00684 0°0274 
to 25 c. ec. 

2°5 - O822 O°0124 (0524 
O98 46 00100 00428 

09812 00134 O'0574 

O'9776 O’OLl70 0°0728 

O'9716 0230 0°0985 

0°9680 0°0266 0°1140 

0°9642 0'0304 01302 

0°0324 01388 

0°9582 00364 0°1560 


In Table XI are given the results of the variation of the ionic 
adsorption with the concentration of the protective agent solution, 
when the arsenious sulphide sol was not present in the system. In 
each case, 25 c. c. of barium chloride solution were added to 25 c. c. 


of sodium oleate solution of known strength. The estimation of the 


adsorption of barium ions after coagulation was done as usual. The 
data under, p, give the percentage concentrations of the sodium 
oleate employed. 
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TABLE XI, 
Adsorption by sodium oleate only. 
Conc. of BaCl, solution=N/3. a=0°9936 g. 


p. b. a—b. Adsorption of Ba 
in m. mols. 


0°9852 0°0084 0°036 
09824 00112 0°048 
0°9752 0°0184 0'079 
0°9646 0°0290 07124 
0°9520 0°0416 0°178 
0°080 0°9592 0°0344 0°147 
0°100 0°9556 0°0380 0°163 
0°200 0°9518 0°0418 0°178 
0°400 09168 0°0768 0°329 


The curves in Figs, 1—3 relate the amount of ionic adsorption 
with that of the protecting agent in the system; these curves 
numbered 1, 2, .11 correspond to data in Tables I, II, III,......XI 


respectively. 
Fic. 1, 
Percentage conc. of sodium oleate. 
0 03 0°06 








Adsorption of Ba” in m. mols. 











0010 0°020 0°030 
Percentage conc. of gelatine. 
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Fic. 2. 


Percentage conc. of starch. 
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Adsorption of Fe” in m. mols. 


Fr, 
J \ 
a~ 


= t = L — 1 =o L 
0°025 0075 0°125 0°175 
Percentage conc. of gelatine. 











Fia. 3. 


C.c. of Asgd; sol diluted to 25 c.c. and then employed. 
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Adsorption of HCl in m. mols. 





02 03 0°4 
Percentage conc, of sodium oleate. 
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Discussion. 


The results show that in the majority of cases for small pro- 
portions of the protector, adsorption of the coagulator increases by 
increasing the amount of the protector. It is, however, interesting 
to see in a number of cases that an increase in the proportion of the 
protector has led to a diminution of ionic adsorption. This is parti- 
cularly well brought out, e.g., by the minimum in curve 9, Fig. 2, 
showing the variable adsorption of barium as the proportion of the 
starch, introduced initially as a protector, is increased progressively. 
In this connection it is interesting to refer to the results of Chowdhury 
and Das (J. Indian Chem, Soc., 1980, 7, 378) on the decolorisation 
of oils by mixed adsorbents, viz. alumina and bauxite, silica and 
bauxite. They found that the amount of the colouring matter remo- 
ved, plotted against the proportion of one of the constituents of the 
adsorbing mixure, yields acurve with maxima and minima similar 
to those observed in the present work. Work of Chowdhury and Pal 
(ibid., 1930, 7, 451) on the adsorption of benzol vapour by mixed 
adsorbents shows similar results. We are of opinion that the 
discontinuities like the ones mentioned above and observed by us 
indicate the formation of adsorption complexes between the added 
protector and the original colloid, with characteristic adsorption 
capacities. Results observed when ferric chloride was used as a 
coagulator are interesting (cf. Tables 1V, V, VI). It is seen that the 
amount of adsorption is practically constant although the proportion 
of the protector has been varied, ¢. g., in Table IV from 0°015 to 0°6 
per cent. It is also remarkable that the electrolytic adsorption of the 
sol when protected by gelatine is approximately the same as that 
for the unprotected sol. 


CHEMICAL LABORATORIES, 
BENAREs HINDU UNIVERSITY, Received January 13, 1933. 
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Studies in the Protective Action of Colloids. Part II. 


By Saripgar SARVoTTAM JOSHI AND A. JoGa Rao. 


In Part I of this series (p. 237) a fixed quantity of the arsenious 
sulphide sol, protected by varying concentrations of a number Of pro- 
tecting agents, was coagulated by different electrolytes. It was 
found that the curves relating the amount of ionic adsorption with 
the corresponding concentration of the protector showed sharp dis- 
continuities, which were attributed to the formation of adsorption 
complexes with specific adsorptive capacities. The following experi- 
ments were carried out in order to investigate if the above discontinu- 
ities were accompanied by a like change in two of the physical proper- 
ties of the system, viz., the viscosity and the turbidity, and their 
variation due to ‘ageing’. The adsorption by the colloid of the 
protector itself also appeared to be a possible factor. and has been 
studied in the case of sodium oleate. 


EXPERIMENTAL. 


25 C. c. of the arsenious sulphide sol were taken into each of a 
number of well cleaned 100 c. c. flasks. Into one of these, 25 c. c. of 
distilled water were added; in the rest the same volume of gela- 
tine solutions of increasing concentrations (denoted by p in Tables 
I—IV), was added. The mixtures were then shaken, and their vis- 
cosities and turbidities determined. These measurements were 
again taken after the the mixtures were allowed to stand (screened 
from light) for 30 hours. 

The viscosity was measured by the method due to Scarpa 
(Gazzetta, 1920, 40, 271 ; cf. also, Farrow, J. Chem, Soc., 1912, 101, 
347). It consists in measuring the time of rise, ¢, and of fall, ¢, for 
a certain volume of the liquid against a constant reduced pressure, 
and under a certain hydrostatic pressure of the liquid itself, res- 
pectively. The viscosity, n, is then given by, 
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where k is a constant for the instrument used and can be evaluated 
by measuring ¢, and t, for a liquid whose viscosity is known, e.g., 
water. The colloid solutions were allowed to attain the desired 
temperature by immersion in a thermostat for about half an hour. 
The thermostat temperature was kept constant within 0°05°. In 
Tables I—IV, p denotes the concentration of the gelatine solution ; it 
was used as a protector in experimentsto which Tables IT, III, and IV 
refer. Table I gives y, for different values of p, for gelatine solutions 
only. Table II shows the viscosities of the gelatine-protected sols 
observed immediately after the addition of the protecting agent, for 
different values of p. Data in Tables III and IV refer to two inde- 
pendent series of experiments in which 7 was observed 30 hours after 
mixing the gelatine solution with the colloid. 

Turbidity was determined by means of an instrument of a Nephe- 
lometer type. It consists essentially of two tubes to hold the liquids 
to be examined, which are illuminated from below. The depths of 
the liquids as shown by separate indicators can be varied by a rack 
and pinion arrangement, and the beams emerging from the liquid 
columns matched by viewing through the eyepieces fitted on the 
tubes The left hand tube was always filled with the arsenious sul- 
phide sol diluted with an equal volume of water, the indicator being 
kept at a certain height. The other tube was filled with the liquid to 
be examined for turbidity. The height of the latter, as shown by the 
indicator, is varied till the beams emerging from the two tubes just 
matched. This measuremsnt was repeated with at least two different 
heights of the indicator in the standard liquid. The difference 
between the two heights gave a measure of the turbidity relative 
to that of the liquid taken as the standard. Table V and curves 
1 and 2, Fig. 2, give the results of these measurements imme- 
diately after the sol was mixed with gelatine solutions of varying 
concentrations. Turbidities were determined for the same mixtures 
after 24 hours, and the results obtained shown in Table VI, and by 
curves 3, 4 and 5 in Fig. 2. 

Experiments were next made in order to obtain some idea of the 
adsorption by the colloid of the protecting substance used, viz., 
sodium oleate. Surface tensions of differently concentrated solutions 
of sodium oleate were measured by means of a stalagmometer. The 
solutions were so dilute that the difference of their densities from that 
of water was found to be negligil)'!e. Surface tensions have been in- 
dicated therefore only by the drop numbers. The results are shown 
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by the curve 6in Fig, 3. Mixtures were next prepared in which a 
constant volume of the sol was protected by an equal volume of 
sodium oleate solution of different concentrations. The mixtures 
were allowed to stand for 24 hours, and their drop numbers deter- 
mined. These are shown under D in Table VII. a and a/2 refer res- 
pectively to sodium oleate concentrations before and after mixing. 
Sodium oleate concentrations corresponding to the drop numbers, D, 
observed for the mixed solutions were next read off from curve 6 in 
Fig. 8 and are quoted under b in Table VII. (a/2—b) was taken as a 
measure of the amount of sodium oleate removed from water due to 
its adsorption by the colloid. Curve 7 in Fig. 3 relates the amount of 
the above adsorption with the concentration of the protector, 
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TABLE V. TaBLe VI. 


Immediately after mizing. After 24 hours. 


No P —o A. 4 pe Relative Left Right Relative 
. : Height — height ‘turbidity height = height tarbidit 
gelatine. incm. incm. , in cm. ip cm. y- 


10 0 


10 
20 20 
30 30 


20 
30 
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TaBLE VII. 
D. " —b. 
O'U155 0°0095 
0°0165 0 0335 
0°0180 0°0820 
0°0200 0°1050 
0°0263 0°1237 


00350 0°1650 





" 
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Viscosity (for curves 1 and 2). 
*(h pud g saasno sof) fijtgoosr 4 
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0°02 0°03 





Percentage conc. of gelatine. 
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Fie. 2. 


Turbidity observed soon Turbidity observed 24 
after mixing. Curves 1 and | hours after mixing. Curves 
2 with the standard liquid | 8-5 with standard liquid at 
at heights of 20 and 30 em. | heights of 10, 20 and 30 cm. 
respectively. respectively. 


Turbidity. 


0°015 0°025 


Percentage cone. of gelatine. 


Fie. 38. 

















Drop numbers. 
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Discussion. 


It is seen from curve 1, Fig. 1, that, , the viscosity of gelatine 
solutions increases practically linearly by increasing p, its concen- 
tration. Similar results have been observed by Davis and Oakes, 
(J. Amer. Chem. Soc., 1921, 48, 1526; ibid., 1922, 44, 464). The n-p 
relation is also a simple one for mixture of gelatine solutions with 
the colloid, y being determined soon after mixing (cf. curve 2, Fig. 1). 
Marked discontinuities, similar to those observed previously (Part I) 
in ionic adsorption-protector concentration curves, appeared when 
the protected sols were allowed to stand for a period of about 30 
hours (curves 3 and 4). These two sets of results although not 
identical are sufficiently similar to show that the positions of dis- 
continuity are more than mere accidental breaks due to experimen- 
tal error. Indeed a lack of complete reproducibility of results 
within a given time period is well known in colloidal systems, and is 
to be attributed to the heterogeneity of the solutions, and the mark- 
ed dependence of their properties on the manner of their preparation, 
especially in the case of lyophiles, although the same quantities of 
the materials are used. We are inclined, therefore, to consider the 
above discontinuities as indicative of (i) some kind of interaction 
between the protector and the colloid, (ii) some sudden changes in 
the nature and the size of particles of the dispersed phase, or (iii) 
what is more likely, due to the combined effect of (i) and (ii). Possibly 
these changes are amongst the main factors in the so-called ‘ ageing ’ 
phenomena, in which a time variation of some of the properties of 
colloids, notably of the viscosity, is observed. In this connection it 
is interesting to point out that the above changes in viscosity pro- 
duced within only 30 hours are markedly greater than those found 
usually in the ‘ ageing ’ of simple sols, and might, therefore, be dis- 
tinctive of only the protected systems. 

It is important to note that the turbidity measurements show only 
a continuous increase with the concentration of the protector in every 
case. While the explanation of this result requires more detailed 
experimedtal work on protected sols, it may be perhaps permissible 
to point out one general result noted incidentally in the course of 
studies of the coagulation processes and using different methods of 
measuring the degree of coagulation which has been in progress for 
some time in these laboratories, that a given change in a colloid 
system does not reveal itself equally markedly in all its properties 
(J. Indian Chem. Soc., 1981, 8, 11, 337; ibid., 1932, 9, 157). 
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By comparing curves 4 an6 with 1 and 2 in Fig. 2, it is seen that 
turbidity diminishes with ageing and that this diminution is more 
appreciable at low proportions of the protector. 

It is well known that one of the chief difficulties of interpreting re- 
sults for protected systems in general, has been that no accurate method 
is available for the estimation of the adsorption of the protector. 
We have determined this for sodium oleate on the assumption that 
the difference in the surface tension of its solution when pure, and 
when mixed with the colloid is due entirely to its adsorption by the 


colloid ( > — b, in Table VII). This is supported by the fact that the 


surface tension of the colloid solution used in the above experiments 
differed but little from that of pure water. The possible ascribability 
of the observed change of surface tension to alterations in the nature 
of the colloid particles in the system, besides that due to the factor 
assumed above, must be regarded as an open question. Our main 
assumption would appear, however, to be confirmed by the significant 
result ( cf. curve 7, Fig. 3) that the amount of sodium oleate adsorbed 
increases practically linearly as its concentration is increased. 


Tae CHEMICAL LABORATORIES, 
Benares Hinpv University, Received March 1, 1923. 
BenarEs. 




















The Chemistry of Alkycyclopentanones. Part III. 
The Synthesis of 3’-Methylcyclopentane- 
spiro-cyclohexane-3 : 5-dione. 
By Ranowuops: DavrpHar Desat. 
In arecent paper (J. Chem. Soc., 1932, 1079) the author has 
shown that when cyclopentane-spiro-cyclohexane-3 :5-dione is methy- 


lated in presence of alcoholic sodium ethoxide a mixture of c-methyl- 
(I), C-dimethyl-(II), and O-methyl]-{III) derivatives are formed. 


cH,—<4s cH.—co nape a 
| mee CHMe C,H,>C 
CHy—n, H,—C } .. 
(I) (IT) 
OMe 
| 
CH,——C ' taliit CH,—CO 
C,H,>C Non », CH 
‘H, —CO MeCH—CH, oH,—CO 
(III) (IV) 


It appeared of interest to subject 3/-methylcyclopentane-spiro- 
cyclohexane-3 : 5-dione (IV) to this reaction in order to see how far 
the presence of a methy! group affected its course ; hence its synthe- 
sis was undertaken. 

Two methods were tried. The condensation of 3-methyl- 
cyclopentenylacetone with ethyl sodiomalonate and hydrolysis of 
the resulting ester (cf. Vorliinder, Annalen, 1897, 294, 253 ; also 
Norris and Thorpe, J. Chem. Soc., 1921, 119, 1205). Though this 
condensation gave an excellent yield, the method proved unsatis- 
factory owing t> the difficulties involved in the preparation of the 
requisite ketone in a good yield from 3-methylcyclopentenyiacetic 
acid by Blaise-Maire reaction. 

The second method was the ring-closure of the keto ester (V) 
which was prepared by the action of zinc methyliodide on the acid 
chloride of ethyl hydrogen 3-methylcyclopentane-1 :1-diacetate. 
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Though the method involved a number of stages, the -yield of the 
dione (IV) was so good that it could be recommended for its prepa- 


ration. 
me idl a _ eg CH; 
MeCH—CH, H,—CO,C.H, 


The alkylation of this, as well as of some other diones, under a 
variety of conditions will form the subject matter of another com- 
munication. 


EXPERIMENTAL, 
Dehydration of Ethyl 3-methyleyclopentane-1-ol-1-acetate. 


(i) Phosphorus oxychloride method.—A mixture of phosphorus 
oxychloride (12 c.c.), the hydroxy ester (16°8 g.) (Desai, J. Chem. Soc., 
1932, 1074), and benzene (80 c.c.) was heated on the water-bath until 
the evolution of hydrogen chloride ceased. The oil obtained by pouring 
the mixture into water was extracted with ether, washed with dilute 
sodium carbonate solution, dried, recovered and distilled when most 
of it boiled at 94-97°/10 mm. On redistillation ethyl 3-methyleyclo- 
pentenyl acetate boiled at 94-95°/10 mm. and had d?!°, 0°9526 ; 
Mp21°, 1°4502, whence [ Ry Jn, 47°4. (Cale., 47°37). (Found : 
C, 71°2 ; H, 9°7. C}9>H, 09 requires C, 71°4 ; H. 9°5 per cent). 

(ii) Thionyl chloride method. (Darzens, Compt. rend., 1911, 152, 
1601).—Thionyl chloride (12 g.) was gradually added to an ice-cold 
solution of the hydroxy ester (16°6 g.) in pyridine (8 c.c.) and the 
mixture kept in ice for 2} hours. The oil, precipitated on adding 
4the mixture to dilute hydrochloric acid solution, was extracted with 
ether, washed alternately with dilute hydrochloric acid, sodium 
carbonate and water, dried, recovered and distilled when most of the 
liquid passed over at 96-99°/12 mm., leaving some undistillable 
residue. On redistillation the b.p. was 98-99°/12 mm., but the 
method was not found te be better than the phosphorus oxychloride 
method. 

(iii) Gaseous hydrogen chloride method.—It was observed that 
partial dehydration of the hydroxy ester occurred when its alcoholic 
solution was saturated with gaseous HCl. But it did not offer any 
advantage over the first method. 





CHEMISTRY OF ALKYLCYCLOPENTANONES 259 


3-Methylceyclopentenylacetic acid.—The unsaturated ester was 
hydrolysed with an excess Of 10% aqueous alcoholic potassium 
hydroxide at room temperature and the acid isolated in the usual 
way. It boiled at 127-28°/12 mm., remained as a gum, and had 
d7°,1°015; np?°°, 1°4722, whence [Rz]p, 38°54. (Cale., 38°01). (Found : 
C, 68°56; H, 8°7; Eq. wt., 139°0. CgH;90, requires C, 68°6; H,8°5 
per cent. Eq. wt., 140). Attempts to prepare a solid dibromide 
were unsuccessful. The high molecular refraction is due to some 
af8-isomer. 


3-Methylcyclopentenylacetone.—3-Methylcyclopentenylacetic acid 
(14 g.) was heated with an excess of thionyl chloride for 1 hour 
and the acid chloride (b.p. 110-21°/21 mm.) was diluted with an 
equal volume of dry benzene. This was gradually added to a well- 
eooled solution of zinc methyliodide [prepared by heating zinc- 
copper couple (16 g.), methyl! iodide (8 c.c.), ethyl acetate (3 c.c.) and 
toluene (12 c.c.) for 12 hours] in toluene. The mixture was kept 
in ice for 4 hours and then decomposed with cold dilute sulphuric 
acid. The filtered toluene solution was extracted with ether, washed 
with water and ammonium sulphate, dried and distilled, when the 
ketone boiled at 93-94°/18 mm., yield 50%. (Found: C, 78°2; 
H, 10°3. CgH,,40 requires C, 78°3; H, 10°1 per cent). The semi- 
carbazone crystallised from dilute alcohol in needles, m.p. 185° 
(decomp.)z (Found: C, 61'2; H, 8°7. C;,H,;ON, requires C, 61°5; 
H, 8°7 per cent). 


Condensation of 3-methyleyclopentenylacetone with ethyl sodio- 
malonate: Synthesis of 3-methylcyclopentang-spiro-cyclohezane- 
3 :6-dione (IV).—The above ketone (13°8 g.) was gradually added to a 
well-cooled suspension of ethyl sodiomalonate in absolute alcohol 
(23g. Na, 16g. ethyl malonate and 30 c.c. alcohol), and the 
reaction was completed by heating for 12 hours on the water-bath. 
The resulting dione-ester was hydrolysed directly by adding 
caustic potash (25%, 50 ¢.c.) and heating for 6 hours. Alcohol was 
‘evaporated off and the aqueous solution was extracted with ether to 
remove the neutral impurities. The slightly acidic solution was 
heated on a sand-bath till the evolution of carbon dioxide ceased 
and the dione crystallised from the strongly acid solution on 
cooling. This was recrystallised from dilute alcohol in plates or 
from benzene-petrol mixture in cubes, m.p. 127-28°. The aqueous 
solution gave red colour with alcoholic ferric chloride solution. 
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(Found: C, 73°2; H, 9°0. C,,;H,,0,9 requires C, 73°3; H, 8°9 
per cent). 

The methylene derivative was immediately precipitated as an 
oil on adding formaldehyde to the saturated solution of the dione 
and solidified on standing and scratching. It crystallised from dilute 
alcohol in long slender needles, m.p. 161-62°. (Found: C, 74:0; 
H, 8°7. Cg3H390,4 requires C, 74°2; H, 8°6 per cent). 

The anilide, prepared by heating the dione with an excess of 
aniline on afree flame for 15 minutes, solidified on rubbing with 
dilute hydrochloric acid. It crystallised from dilute alcohol (char- 
coal) in needles, m.p. 156°. (Found: C, 80°1; H, 8°38. C,;;H,,ON 
requires C, 80°0; H, 8°2 per cent). 

Synthesis of ethyl 3-methylcyclopentane-l-acetone-l-acetate.— 
Ethyl hydrogen 38-methylcyclopentane-1: 1-diacetate (Desai, J. 
Chem. Soc., 1982, 1070) (23 g.) was heated with thionyl chloride 
(20 c.c.) for 2 hours and the excess of thionyl chloride removed. 
The crude acid chloride diluted with benzene (25 c.c.) was gradually 
added to a well-cooled toluene solution of zinc methyliodide (1°2 
mol.), and the mixture was decomposed with cold dilute sulphuric 
acid after 8 hours. The filtered toluene solution was extracted with 
ether, washed with water and ammonium sulphate solution, dried 
and distilled when most of it boiled at 152-55°/14 mm. (20 g.). 
This was hydrolysed with 50% caustic potash and the acid isolated 
in the usual manner. The keto-acid, which was admixed with the 
glutaric acid, was partially purified by extraction with light petrol 
(b.p. 40-60°), in which the keto-acid was freely soluble. 


The semicarbazone of the acid crystallised from dilute alcoho! in 
needles, m.p. 182° (decomp.). (Found: C, 66°4; H, 83. 
C,9H2,0;N$ requires C, 56°5; H, 8°2 per cent). 


3-Methyleyclopentane-l-acetone-l-acetic acid, regenerated from 
semicarbazone, boiled at 181-82°/12 mm. and remained as a viscous 
gum. It had d?°°, 1°056; np?°°, 1°4713, whence [R,]p, 52°41. (Cale., 
52°53). (Found: C, 66°5; H, 93; Eq. wt., 198°5. C,,H,,0; 
requires C, 66°6; H, 9°1 per cent. Eq. wt., 198). 


The ethyl ester, prepared with alcoholic hydrogen chloride, boiled 
at 145°/14 mm. and had d?!°, 0°9908; np?!°, 1°4562, whence 
[Rzr]p, 62°0. (Cale., 61°7). (Found: C, 68°9 ;H,9°8. C;3;H230; 
requires C, 69°0; H, 9°7 per cent). 
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The semicarbazone crystallised from dilute alcohol in leafy 
plates, m.p. 87-88°. (Found: C, 59°5, H, 8°9. C,,4H»s0;N, 
requires C, 59°4; H, 8°8 per cent). 

The ester (5 g.), dissoived in a solution of sodium (0°5g.) in 
absolute alcohol (15 c.c.), was heated on the steam-bath for 6 
hours, when it was quantitatively converted into 3/-methylcyclo- 
pentane-spiro-cyclohexane-3 : 5-dione (IV). 

This work was carried out at the Imperial College of Science 
and Technology, South Kensington, London and I am grateful to 
Professor J. F. Thorpe, C.B.E., F.R.S., for his kind interest. My 
thanks are also due to the University of Bombay for a scholarship 
and to the Chemical Society for a grant that partly defrayed the 
cost. 

DEPARTMENT OF CHEMISTRY, 


Mosiim University, Received May 11, 1933. 
ALIGARH. 











The Chemistry of Jute-lignin. Part II. 
Potash Fusion of Lignin. 


By Puuin Bewari SARKAR. 


The structure of lignin still remains undetermined and the investi- 
gators appear to be divided mainly into three groups as to its nature. 
Klason (Ber., 1920, 58, 706, 1864), Heuser and Winsvold (Cellu- 
losechem., 1923, 4, 49), Freudenberg (Ber., 1929, 62, 1554) from 
the chemical examination of lignin derivatives and its decomposition 
products hold that lignin contains the benzene nucleus together with 
oxidisable side chains; Herzog (Ber., 1929, 62, 1600) and Hiagglund 
(Svensk Kem. Tidskr, 1929, 41, 185) from the study of ultraviolet 
absorption spectra of lignin derivatives conclude that lignin must 
contain at least one aromatic ring; while Strupp (Cellulosechem., 
1924, 5, 6) and others consider lignin to be hydroaromatic in nature 
having for their support the results of pressure oxidation and 
vacuum distillation of lignin. The third group of workers, Willstitter 
and his collaborators (Ber., 1922, 68, 2637) maintain that lignin 
is entirely aliphatic in structure just like cellulose and pentosans with 
which it is closley related. 

The problem has in recent years been complicated by the fact 
that lignins from different sources have been found to behave 
differently, though the same methods have been applied for their 
study. Powell and Whittaker (J. Chem. Soc., 1924, 125, 357) who 
made a thorough examination of flaxwood-lignin, observed on compar- 
ing their results with those of Cross and Bevan for jute-lignin, 
‘‘Thus, jute-lignin is essentially different from flax-lignin.’’ It 
appears rather unlikely that lignins from different woods have 
different compositions. The anomalous behaviour of lignins from 
different sources would just as well be explained by the degree of 
polymerisation. Before any definite formula can be assigned to 
lignin it is necessary to establish the identity of structure of the 
different lignins. Hence the importance of studying the decomposi- 
tion products of lignins from all possible sources. 
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Jute-lignin was first studied as lignone chloride by Cross and 
Bevan (J. Chem. Soc., 1882, 41, 90) who assigned the formula 
C19H_220, to the ‘‘ aromatic constituent ’’ of jute-fibre. They also 
observed the great resemblance between jute-lignin (which they did 
not isolate) and catechin though they could not separate any product 
therefrom similar to the latter. Subsequently (Ber., 1893, 26, 2520) 
they were struck by the yellow colour of the chloro compound of 
lignin similar to that of quinones from which they suggested a 
ketonic structure. 

The large volume of experimental data obtained from the study of 
lignins from different woods cannot be explained by the ketonic for- 
mula unless we assume jute-lignin to be essentially different from 
others. Since then no work has been done on jute-lignin; the above- 
mentioned authors worked with lignocellulose and not with isolated lig- 
nin, and their results are difficult to interprete. Hence it was thought 
worth while to make a systematic study of lignin isolated from jute 
in order to see if it really differed from others. In an earlier paper 
(J. Indian Chem. Soc., 1931, 8, 397) it was shown by the author 
that lignin extracted from jute-fibre had generally speaking almost 
similar properties, both physical and chemical, to some wood-lignins. 
In the present investigation, alkali fusion under different conditions 
has been studied with a view to see if it gave indentical decomposi- 
tion products. The results obtained confirm the view that jute- 
lignin is in many respects similar to, if not indentical with, other 
lignins. 

Willstitter’s method has been found by the author (loc. cit.) 
to be the best for the isolation of lignin from jute, used in this in- 
vestigation. ‘The potash fusion,was carried out at different tempera- 
tures, for varying times, under different atmospheres and in different 
vessels. Temperature has been found to be the most important 
factor and time the next. At temperatures above 240° onty traces 
of protocatechuic acid and pyrogatechol could be obtained ; above 
260° none, whilst if the fusion was continued for more than one hour, 
the yield of these bodies rapidly diminished, even if the temperature 
was kept below 240°. Iron was shown by Heuser (loc. cit.) to have 
a catalytic effect on the potash fusion causing a higher yield of 
aromatic substances, while by using zinc dust Rassow and Zickmann 
(J. pr. Chem., 1929, ii, 128, 189) was able to increase the yield of pro- 
tocatechuic acid from 3 to 15%. No such improvement could be 
observed in the case of jute-lignin, when fused in an iron crucible in 
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the presence of zinc dust at temperatures specified by the authors. 

Obviously jute-lignin is more susceptible to the action of fused alkali 
than wood-lignins and is acted upon at lower temperatures. The 
poor yield of aromatic substances at relatively high temperatures 
and for prolonged times is explained by the fact that both proto- 
catechuic acid and pyrocatechol are more or less rapid)y decomposed 
to carbon dioxide and oxalic acid, by the oxidising action of the fused 
potash (Heuser and Winsvold, loc. cit.). The best yield of aromatic 
bodies was obtained by fusing jute-lignin at 220-30° for 1 hour, 
all the lignin being added as quickly as possible at 200°. More 
oxalic acid was obtained at higher temperatures but less lignic acid. 
No lignic acid was found at 300° when the fusion was continued 
for 34 hours, oxalic acid being the only product. With wood-liguin 
this is not the case. With iron vessel and in an atmosphere of 
nitrogen only a slightly higher yield of aromatic bodies could be 
obtained, the maximum being 18°87%. In an atmosphere of carbon 
dioxide more oxalic acid was obtained but with no improvement in 
the yield of aromatic substances. 

Butyric acid has been identified as a product of fusion of jute- 
lignin, the highest yield was 9°13%. No trace of vanillic acid could 
be detected in any of the numerous fusions carried out with jute- 
lignin nor any product containing any methoxy group. The forma- 
tion of butyric acid indicates the presence of a side chain of at 
least 4 carbon atoms in the lignin molecule. Cross and Bevan’s 
formula contains a chain but with two CO groups, which will not 
explain the formation of butyric acid. Again, the aromatic ring with 
two CO groups in 1:5 positions cannot give catechol. Lastly, 
protoctechuic acid has the OH groups in 3: 4 positions with respect 
to the COOH group. In the lignin molecule the carboxyl group 
must have been formed by the oxidation of a side chain and the OH 
groups were either already present or have been formed from OCH, 
group in those positions. These do not occur in Cross and Bevan’s 
formula, which is therefore untenable. 

Hawley and Harris (Ind, Eng. Chem., 1932, 24, 873) are 
recently reported to have prepared lignin by heating purified wood 
or celluose in sealed tubes at 138° for a maximum period of 
8 days. It was similar to lignin as regards resistance to hydro- 
lysis, chlorination, sulphide reaction, ultraviolet absorption spec- 
trum and reducing value. They called it synthetic lignin. Jute 
after complete delignification by chlorine peroxide was subjected to 
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the same treatment, exactly under the same conditions. The white 
fibre turned brown and brittle. Lignin was isolated therefrom 
by Willstitter’s method, but the brown fibre did not respond 
to the colour tests with aniline acetate and phloroglucinol, usually 
given by ordinary jute. However, the black mass, obtained after 
hydrolysis of the cellulose, possessed physical resemblance to genuine 
lignin. On fusion with potash at 220-30° in the usual way, no 
carbon dioxide or any other gas was evolved and no smell was _per- 
ceptible. It was only partly dissolved by the alkali. On adding water, 
a light brown powder separated. The pale brown solution was 
examined for protucatechuic acid and other similar acids but none 
could be detected, not even oxalic acid. Thus, the so-called synthetic 
lignin is chemically different from genuine lignin. 


Raw jute was delignified by moist chlorine peroxide gas, complete 
removal of lignin was ascertained by dissolving the milk-white fibre in 
72% H,SO, toa colourless solution. The fibre was then fused at 
220-30° with caustic potash exactly in the same way as in the case of 
lignin. The fused mass was pale yellow and the aqueous solution 
gave no precipitate with dilute sulphuric acid. On steam distillation 


only formic and acetic acids were identified but no butyric acid. 
The alcoholic extract gave oxalic acid in large amounts and nothing 
was obtained by extraction with ether. Hence, aromatic substances 
are constituent parts of the lignin molecule, which must, therefore, 
be aromatic in nature. It is much more likely that the drastic oxidis- 
ing action of fused alkali causes the decomposition of a complex 
molecule to simple ones, rather than the formation of aromatic bodies 
from aliphatic ones. 


EXPERIMENTAL. 


Caustic potash (25 g.), dissolved in water (10 c.c.), was heated to 
200° in a large nickel crucible, provided with a nickel tube, sealed at 
one end or better an iron tube containing a little mercury to protect 
the thermometer and finely powdered lignin (5 g.) was rapidly added 
to the molten mass with vigorous stirring. (The lignin should 
be added at a temperature lower than that of fusion since the 
reaction is exothermic.) The mass frothed up and a piok colour 
developed. In order to keep the mass in the liquid state caustic 
potash (25g. in 10 c.c. water) was again added after half an 
hour. A characteristic smell was given off during the fusion. 
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It is difficult to detect the end point but by repeated trials 
one hour has been found to be the optimum duration. At 
higher temperatures the mass became deep brown and finally black 
in which case no protocatechuic acid could be detected. At 300° 
for 3} hours a white mass was obtained giving only oxalic acid. 

The mass was cooled, dissolved in the minimum quantity of water 
and acidified with 30% H,S0O,. After 2-3 hours the lignic acid 
separated and a clear light brown liquid was obtained by filtration. 
The lignic acid was washed with lukewarm water until free from 
H,.SO,, dried at 105° and weighed. 

The filtrate with the washings was subjected to steam distillation, 
until the distillate was neutral. Butyric acid was detected in the 
distillate, but no phenol. 

The liquid left in the distilling flask was neutralised . with 
Na CO, and evaporated to dryness on the water-bath. The acidified 
dry residue was extracted with absolute alcohol in a soxhlet appara- 
tus. After the removal of alcohol, the residue was exhaustively 
extracted with dry ether. The undissolved solid was treated with 
water, made alkaline with ammonia and oxalic acid precipitated by a 
boiling solution of CaCly. This was washed, dried in the steam 
oven and weighed. 

The residue from the ether extraction was then treated with ben- 
zene in the cold. Pyrocatechol was obtained in solution while protos 
catechuic acid remained undissolved. The quantitative figures refer 
toafusion done at 220-30° in air in which 5°25 g. of lignin were 
taken. Results of other experiments are given in a tabular form 
in the next page. 

Lignic acid.—1°291 G. was obtained from 5°25 3. (24°6 % of the 
liginin taken). It is a black amorphous solid which reduces Fehling’s 
solution, contains no methoxy group (Zeisel), does not react with 
Cl in aqueous suspension. It dissolves readily in alcohol but is 
not precipitated by ether. It contains no potassium, has 0°87°%, ash. 
A part of it was fused again at 240—60° with potash in the usual 
way for 24 hours. The whole of it did not react with KOH and oxalic 
acid was the only product. The other part was then fused at 220 
—30° for 14 hours. Protocatechuic acid and oxalic acid were 
detected in the fused mass. Thus liganic acid appears to be the 
precursor of protocatechuic acid and hence of catechol. 

Butyric acid.—The distillate from the steam distillation was 
made alkaline with NagCO,, evaporated to dryness on the water-bath 
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and the residue acidified with strong H,SO,. The characteris- 
tic smell of butyric acid was at once perceptible. The mixture was 
then warmed cautiously with a little alcohol and the sweet pineapple 
odour of the butyric ester confirmed the acid. The solution of Ca- 
salt appeared as a precipitate on boiling. As no other acid could be 
detected, the acid-distillate from the fusion product in question was 
titrated with N/10-NaOH with phenolphthalein as indicator ; 53°9 c.c. 
of it was required, so 9°13% of butyric acid was obtained. 

Ozalic acid.—The aqueous solution of the ether — insoluble resi- 
due gave a white precipitate with CaCl, insoluble in acetic acid and 
ammonia but soluble in mineral acids. It readily decolourises warm 
acidified KMnO,. The acidified solution was concentrated and 
kept in the vacuum desiccator, crystals of oxalic acid appeared 
which melted at 101°. [Found: CaO, 38°29. Ca (COO),.H,O 
requires CaO, 38°35 per cent]. The Ca-salt was dissolved in dilute 
H,SO, and the acid estimated volumetrically with N/10-KMn0O,. 
10 C. c. of the solution (made 500 c.c. from 5°25 g. lignin) required 
4°35 c.c. of KMnO,, which corresponds to 18°72%, of anhydrous 
oxalic acid. 

Protocatechuic acid.—The residue of the ether extraction was 
separated by cold benzene into two fractions. The insoluble part 
was a light brown powder which could not be decolorised in aqueous 
solution with animal charcoal. It gives bluish green colour with 
FeCl,, which turnes deep red with a drop of sodium carbonate solu- 
tion. It turnes Fehling’s solution green at once and reduces slowly 
and it also reduces ammoniacal silver nitrate in the cold. It de- 
colourises acid potassium permanganate rapidly and gives with lead 
acetate a white lead salt soluble in acetic acid. A slightly acid solu- 
tion of lead acetate also precipitated the salt which was washed and 
dried. The finely powdered salt was suspended in ether and sulphu- 
retted hydrogen passed into it. The sthereal solution of the acid 
was crystallised from water, m.p. 196° (mixed m. p. with Merck’s 
pure sample showed no depression). From 5°25 g. of lignin the 
residue after extraction with benzene amounted to 0°6350 g. (12°1%). 

Catechol.—The pale grey residue after evaporation of benzene 
was decolourised and crystallised from benzene in rectangular blocks. 
Dried over sulphuric acid in vacuum it melted sharply at 103°. 
A mixed melting point with Kahlbaum’s product was exactly the 
same. It was very easily soluble in water and it reduces neutral silver 
nitrate readily in the cold. It gives a green coloration with ferric 
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chloride and turns red with sodium carbonate solution. The 
aqueous solution with alkalis remains colourless. Neutral lead 
acetate precipitates the white lead salt which is readily soluble 
in acetic acid. Neutral potassium permanganate is decolourised 
in the cold. From 5°25 g. of lignin 0°1840 g. of catechol was 
obtained (3°5%). 


SuMMARY. 


(1) By the potash fusion of jute-lignin oxalic, butyric and proto- 
catechuic acids, and pyrocatechol besides lignic acid have been 
obtained. 

(2) The formation of these products proves conclusively that jute- 
lignin is not essentially different from various other wood-lignins. 

(3) Delignified jute-fibre gave neither aromatic substances nor 
butyric acid when similarly treated. 

(4) Cross and Bevan’s formula has been shown to be untenable 
as it cannot explain the formation of these products. 

(5) Jute-lignin has been found to be attacked at a comparatively 
lower temperature than wood-lignins and the best yield has been 
obtained at 220-30° for one hour, 

(6) Lignic acid is the precursor of protocatechuic acid and so of 
catechol. 

(7) The so-called synthetic lignin has been shown to be different 
from native lignin in jute. 

I take this opportunity of expressing my grateful thanks to Prin- 
cipal D. N. Sen, M.A., and Prof. B. K. Chowdhury, M.Sc. for giving 
me facility for work. My best thanks are also due to Prof. J. C. 
Ghosh, D.Sc. and Dr. J. K. Chowdhury, Ph.D. for encouragement 
and valuable suggestions. 


CHemicaL Laboratory, 
B. N. Cotnecp, Patna, Received March 30, 1933. 
anD Dacca UNIVERSITY. 





6-Aldehydo-4-methyl-a-naphthapyrone and Dyes 
Derived from it. 


By RaJsenpra Natu SEN anp Gopat CHANDRA MUKHERJEE. 


6-Aldehydocoumarin was previously obtained by the application 
of Reimer and Tiemann’s reaction on coumarin (Sen and Chakravarti, 
J. Amer, Chem. Soc., 1928, 60, 2428), 4-Methyl-a-naphthapyrone 
similarly yields about 30% of an aldehyde, the aldehydic group 
entering the 6-position (para to original OH group) there being no 
other possibility. The aldehyde does not melt up to 300°, it readily 
gives a phenylhydrazone (m. p. 125°), a semicarbazone (m.p. 260°) 
and an oxime (which does not melt up to 260°). 

The aldehyde condenses with dimethylaniline to produce a leuco 
base of a triphenylmethane dye which on oxidation gives the carbinol, 
the salt of which produces a bluish-green shade on silk and wool. 
A pyronine dye has been obtained by condensing the aldehyde with 
four molecules of resorcinol, when the C=O group in the lactone ring 
as well as the aldehyde group react. Silk is dyed a bright orange 
shade by the sodium salt of this compound. 


EXPERIMENTAL, 


6-Aldehydo-4-methyl-a-naphthapyrone. 


CO 
O/\CH 
ee 
| | 
| | 
¥. 

CHO 


A solution of 4-methyl-e-naphthaypyrone (10°5 g.) (obtained by 
the condensation of a-naphthol and acetoacetic ester in presence of 
sulphuric acid, Bartsch, Ber., 1903, 36, 1966) in caustic soda (14 g. 
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in 40 c.c. of water) was heated on the water-bath for 10-12 hours 
with gradual addition of a mixture of chloroform (10 c.c.) and aleoho 
(30 c.c.). The temperature was kept initially at 80° for the first 3 
hours, the solution being mechanically stirred throughout. The 
deep red _ solution turned first deep blue on the addition of 
chloroform and alcohol and changed to red again after 6-7 hours. 
The solution, after removing alcohol and chloroform on a water-bath 
was acidified with acetic acid when a pasty gelatinous solid separated 
out. This was collected, dried, and washed several times with 
chloroform to remove any excess of the mother substance. The 
residue was dried and crystallised from glacial acetic acid (charcoal) 
as brown microcrystalline needles, m.p. above 280°, yield 3°5 g. 

It is insoluble in water, chloroform, benzene and ether ; modera- 
tely soluble in alcohol and acetone and very readily soluble in hot 
glacial acetic acid. (Found: C, 74°78; H; 4°34. C,H 4,0, requires 
C, 75°63; H, 4°2 per cent). 

The phenylhydrazone, prepared in the usual manner, crystallised 
as yellow needles from dilute acetic acid, m. p 125°. (Found: N, 
9°25. Co,H1g02Ne requires N, 8°53 per cent). 

The semicarbazone, prepared in the usual manner, separated as 
chocolate brown needles from dilute alcohol, m. p. 260°. (Found: 
N, 15°31, CygH,303N; requires N, 14°23 per cent). 

Oxime.—The aldehyde (2 g.) was dissolved in the smallest 
amount of dilute caustic soda solution and to this solution was added 
a saturated solution of hydroxylamine hydrochloride (5 g.) and the 
solution heated on a boiling water-bath with an air condenser for 45 
hours. It was then cooled and acidified with dilute hydro- 
chloric acid and the precipitate dried. It crystallised from alcoh-l 
as red microcrystalline needles not melting below 280°. (Found: N, 
5°54. C,,;H,,03 N requires N, 5°53 per cent). 

Condensation of the aldehyde with dimethylaniline.—The aldehyde 
(2 g.) was dissolved in dimethylaniline (10 c¢.c,) and the solution 
heated on a boiling water-bath for 30 hours with frequent additions 
of concentrated hydrochloric acid (10 ¢.c. in all). It was isolated as 
usual and finally crystallised from alcohol as greenish-white powder 
not melting below 250°. It is moderately soluble in alcohol and 
acetone and soluble in both acid and alkali. (Found: N, 6°5, 
C3;H390_gNe requires N, 6°06 per cent). 

When the leuco base, thus obtained, is oxidised with lead 
peroxide, it dyes silk a beautiful greenish-blue shade. 





6-ALDEHYDO-4-METHYL-a-NAPHTHAPYRONE 


Condensation of the Aldehyde with Resorcinol. 


OH 


ck 
Soa 


OH 


A mixture of the dry aldehyde (1 mol., 1°5 g.), dry resorcinol 
(4 mol., 5g.) and concentrated sulphuric acid (d 1°84, 2 c.c.) was 
heated first ,n a boiling water-bath for 2-3 hours and then on an 
oil-bath at 120-130° for 5-6 hours with an air condenser. It was 
then isolated in the manner described by Sen and Chakravarti 
(loc. cit.). 

The formula is based on the fact that the analogous condensation 
product of 6-aldehydo-coumarin with resorcinol possesses a similar 
formula giving a tripotassium salt (Sen and Chakravarti, loc cit.). 
It does not melt below 280° and is soluble in aleohol and 
acetone, insoluble in ether and benzene. Silk is dyed a bright 
orange shade by its sodium salt. (Found: C, 77°16; H, 4°03. 
C39H 40, requires C, 77°49; H, 3°97 per cent), 


ChemicaL Laboratory, 
PRESIDENCY COLLEGE, Received December 9, 1982. 
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Complex Compounds of Iridium. Part II. 
Compounds of Organic Sulphides 
and Pyridine. 


By Prarutta CHanpra Rdy, NaApIABEHARI ADHIKARI AND 
Ranagit GHOsH. 


In a previous communication (J. Indian Chem. Soc., 1982, 9, 
251) it has been stated that during reaction with organic sulphides, 
iridium tetrachloride first loses chlorine and that this reaction be- 
comes accelerated in presence of alcohol. We have since then tried the 
same reaction in other media, ¢.g., acetone, chloroform and benzene. 
In acetone, the reaction yields the same compound IrCl,‘3Et.S 
even in cold along with a tarry residue. No appreciable reaction, 
however, takes place in chloroform but a very feeble reaction is 
noticed in presence of moisture, though no sufficient quantity for 
analysis could be separated. In benzene, even when heated with 
constant shaking for 6-8 hours, there is no reaction and like platinic 
chloride, iridium chloride reacts with ethyl sulphide, methy] sulphide, 
diethy! disulphide or dimethyl disulphide in absence of alcohol or 
acetone, etc., though after prolonged contact, with evolution of 
hydrochloric acid. Moreover, even in presence of dilute aqua regia, in 
alcohol the same product IrCl,‘3EtgS is obtained. All these point 
to the fact that iridium chloride in solution is first reduced and then 
reacts with the sulphide present ; the presence of a small amount 
of chlorine in solution cannot prevent the reduction. That iridium 
trichloride is formed, has been further proved by the isolation of its 
soluble variety when dimethyl disulphide was allowed to act on 
iridium tetrachloride in alcohol in presence of a small amount of 
aqua regia (this will form the subject of a subsequent communica- 
tion). 

It has already been shown (loc. cit.) that by the action of ethyl 
sulphide on iridium tetrachloride in presence of hot alcohol under 
reflux, a compound of the formula IrCl, 8Etg5 (m. p. 131°) was 
obtained. It was noticed there that a very minute quantity of 
an insoluble powder also separated. The yield of this substance has 
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been found to increase if the above reaction is conducted in cold. 
It possesses the same chemical composition as the other compound 
but differs from it in colour, solubility and melting point. The 
present compound, when crystallised from hot acetone, is obtained in 
brownish-red shining needles but when powdered or precipitated from 
its solution, it is of light pink colour and is stable even when 
heated up to 200°. It is insoluble in benzene, sparingly so in 
alcohol and acetone but extremely soluble in chloroform, whereas 
the previous orange coloured substance is extremely soluble in 
benzene and also soluble in most of the organic solvents including 


ether. 
Theoretically two isomers of IrCl,°3 Et,8 are possible, e.g., 


Et,8 Et,S 
ci, xt.s 


Et,S,!_ Ft.s ) 
| Ir Ir | 
Cl l Cl Cl +-a 
Cl Et, 
Cis (I) Trans (II) 


By his exhaustive works on isomerism in iridium complexes, 
Delepine has established that the cis- compound is always orange and 
the trans, red. By analogy, the constitution of the red compound 
should be (II) and that of the orange one, (I). By the action of 
pyridine on (I), two compounds of the formule IrCl,*Py'2Et,8 and 
IrCl,"2Py"Et,8 have been obtained. Both the compounds are 
orange-yellow, soluble in acetone and extremely so in chloroform 
and pyridine and have sharp melting points. Their acetone solutions 
do not give any precipitate with silver nitrate in the same solvent. 
The remaining Et,S could not be replaced by pyridine even when the 
reactants were heated in a sealed tube at 140-50° for 10 hours. These 


may be represented as: 


[ctucet Crt, s| [er 4 <P ] 
cl” NEt.s cl“ NEt,8 


(I) (IV) 


The melting point rises gradually as each of the Et,S group is re- 
placed by pyridine, e.g., (I) melts at 181°, (III) at 171-72°, and 
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(IV) at 260°. Similar cases of partial replacement of ethyl 
sulphide by pyridine, ethylamine and piperidine, etc., is not 
uncommon in platinum compounds (cf. J. Indian Chem. Soc., 1926, 
8, 361). 

By the action of benzyl sulphide on iridium tetrachloride 
IrCl,;* 3Bz,8 has been obtained. As the chlorine does not ionise in 
solution, it can be represented like (I). Along with this, a red 
compound is also formed but it has not yet been isolated in the pure 


state. 


EXPERIMENTAL. 


Preparation of IrCl,‘3Et,8 (red variety, m.p. 171°).—Iridium 
tetrachloride (8 g.) and ethyl sulphide (8c.c.) in alcohol (30 c.c.) 
were mixed together and kept corked for 12 days with occasional 
stirring and then the solution filtered to separate a very small 
quantity of greyish black mass, probably reduced iridium, which 
gradually formed during the reaction. The deep red filtrate was 
then concentrated in vacuum over calcium chloride for 2 days 
when a crystalline substance separated out. The crystals were 
collected, washed free from the adhering liquid with benzene and 
finally with cold acetone, m.p. 159-60°. This on further crystal- 
lisation (4 times) from a mixture of chloroform and acetone melts 
at 171°. It is a brownish-red shining substance but when obtained as 
a precipitate from chloroform or acetone solution or powdered, it is 
flesh coloured. The filtrate was then treated as recorded in the previous 
paper (loc. cit.). (Found: Cl, 17°92; 8, 16°9, 17°3; Ir, 33°6. Ir Cl," 
3Et.S requires Cl, 18°68; S, 17°08 ; Ir, 33°86 per cent). 

Preparation of IrCl,"Py'2Etg8.—To a solution of IrCl,° 
3Et.S (2 g.) in benzene (20 c. c.), pyridine (8 c.c.) was added and the 
mixture heated under reflux on a water-bath for 10—12 hours and 
then for another 6—7 hours without a condenser. Shining yellow 
crystalls separated out on cooling. These were collected, washed with 
a small quantity of cold benzene and digested with acetone (hot) 
when almost the whole of the substance went into solution 
leaving a very small quantity, also insoluble in hot chloroform and 
pyridine, melting at 222° (decomp.). From the acetone solution, 
glistening yellow crystalline substance was obtained and this when 
twice crystallised from the same solvent melted at 171-72°. The 
main filtrate on dilution with a mixture of acetone and water 
yielded the above substance, m. p. 171-72°, when crystallised 
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several times from acetone. It is soluble in benzene and acetone 
sparingly so in alcohol but freely in chloroform. In acetone solution 
it does not give any precipitate with silver nitrate in the same sol- 
vent. (Found: Cl, 19°2; 8, 11°0; Ir, 34°25. IrCl,*Py*2Et,S requires 
Cl, 19°05 ; S, 11°4; Ir, 34°5 per cent). 

Preparation of Ir Cl,"Et,8S°2Py.—Ir Cl, "3Et,8 (1°5 g.) in pyridine 
(5 c. ec.) was heated in a sealed tube for 4 hours at 120-25° and then 
for another 4 hours at 145-50°. Before heating, the IrCl,‘3Et,S 
was in solution but after heating and cooling the tube a fair amount of 
a yellow crystalline substance was found to separate (B). The pyridine 
solution was decanted off and this on dilution yielded adirty yellow 
precipitate. It was collected and crystallised from acetone, m. p. 
236-40°(A) ; but on fractionally crystallising it thrice from acetone, 
the melting point rose up to 258° and on analysis found to be iden- 
tical with (B). The solid crystalline substance was washed with 
acetone (cold) and ether to remove the last trace of pyridine and 
then crystallised from hot chloroform, m. p. 258°. When again 
dissolved in acetone, it was found thata very small portion con- 
taining a white and ared substance did not pass into solution but 
the quantity being too small it was not further dealt with. The 
melting point was finally found to be 260° (B). (Found:N, 4°8; §, 
5°75; Cl, 19°7 ; Ir, 35°37. IrCl,"Et,gS°2Py requires N, 5°1; 8, 5°85; 
Cl, 19°4; Ir, 35°28 per cent). 

Preparation of IrCl,;° 3Bzg8.—In a stoppered conical flask, 
iridium chloride (6 g.), benzyl sulphide (13°6 g.) and alcohol (76 c. c.) 
were taken together and kept closed. The chloride took about 4 hours 
to go into solution and the sulphide about 20 hours. After 24 
hours a yellow precipitate began to separate slowly and this, once 
begun, went on for a week when a tarry substance was first noticed 
to separate along with the yellow substance. The solid substance was 
then collected and dissolved in benzene from which on spontaneous 
evaporation, it was obtained in pale yellow colour, m. p. 201°. It is 
highly soluble in benzene and chloroform. (Found: Cl, 11°2; 8, 9°76; 
Ir, 20°4. IrCl,*3Bz,8S requires Cl, 11°31; 8, 10°19; Ir, 20°49 
per cent). 

Action of ethyl sulphide on ammonium chloriridate.—Ethy] sulphide 
(2 c. c.) was added to ammonium chloriridate (about 2 g.) in water 
(50 c.c.) and alcohol (6 c. c.) and it was heated under reflux on a 
water-bath for 8—10 hours, when gradually a yellow substance separa- 
ted out, mixed with a little of a red variety. The solid substance 
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was separated and digested under reflux with acetone. This extract 
on concentration yielded IrCl,’3 EtgS mixed with a small quantity 
of a dirty white substance having no m. p. The insoluble residue 
(m. p. 210°) was then crystallised twice from chloroform in which it 
was found to be slightly soluble, m. p. 222° (decomp.). In our pre- 
vious paper (loc. cit.) the m. p. of this compound was stated to be 
207° at which it decomposes. But now on recrystallising the same 
sample 4 times from chloroform, it has been found to melt with 
decomposition ut 222°. (Found: 8, 13°53; Ir, 41°74, Ire Cl,"4Et.S 
requires S, 13°86; Ir, 41°82 per cent). 


CuemrcaL Laporatory, 
University CoLLeGe oF SciENcE Received June 2, 1983. 
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Preparation and Properties of Zirconium Sulphosalicylic 
Acid Jellies. 


By Satya PRAKASH. 


Berkmann and Zocher (Kolloid %., 1927, 42, 309, 322), Wo. 
Ostwald and Mertens (Koll.-chem. Beih., 1926, 28, 242) and others 
have made detailed investigations of the properties of mercury deri- 
vatives of sulphosalicylic acid which are known to form colloidal 
suspensions in water and which exhibit marked anisotropy and 
double refraction. The author (J. Indian Chem, Soc., 1930, 7, 367) 
has also studied the conditions of formation of the jellies of mercuri- 
sulphosalicylic acid. Recently, the author has succeeded in prepar- 
ing the jellies of zirconium sulphosalicylic acid for the first time and 
in the present communication, an account will be given of the con- 
ditions of the formation of this jelly. 

Even in dilute solutions, zirconium oxychloride forms a stable 
solution and it does not develop any opalescence when kept for a 
long time. However, if its dilute solution be boiled and allowed to 
dialyse, it hydrolyses and gives a transparent sol of zirconium hydro- 
xide. Whena concentrated solution of zirconium oxychloride is 
mixed with a concentrated solution of sulphosalicylic acid, it forms a 
colourless mixture. Now, if to this transparent mixture be added 
water to a certain dilution, opalescence at once develops, and finally, 
the whole of the solution becomes completely opaque. After some 
time, a precipitate also appears, which settles down, leaving a clear 
supernatant liquid. The author has found that by careful regulation of 
the concentrations of zirconium oxychloride, sulphosalicylic acid and 
water, not only stable colloidal sol of zirconium sulphosalicylic acid is 
obtained, but very transparent glass-like hard jellies can also be 
prepared. 

In the following experiments, a 50 % solution of 5-sulpho- 
salicylic acid, CgH,SO,H’OH'COOH, 2H,0, (3°99N), was used 
which was free from sulphate ions. An almost saturated solution of 
zirconium oxychloride, ZrOClg, corresponding to 310°68 g. ZrO, per 
litre was found to be very suitable for jelly formation. The time of 
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setting and the nature of the jellies obtained at different concentra- 
tions are given in the following tables. The jelly forming components 
were thoroughly mixed in test tubes which were allowed to stand for 
@ number of days. 


TABLE I. 


Amount of zirconium oxychloride soln. used each time=1 c.c. 


Amount of sul- Amount of Time of setting and the nature of the jelly. 
phosalicylic acid. water. 

0°5 ¢.c. 0 c.c. Clear solution, no jelly even in 4 days 

05 05 do do do 

05 10 do do do 

05 15 Transparent jelly in 85 hrs. 

05 2°0 Transparent jelly in 72 hrs. 

0°5 2°5 Transparent jelly in 50 brs. 

15 0 Slight precipitate but no jelly 

1°5 0°5 No jelly within 4 days 

15 1°0 Transparent jelly within 60 brs. 

15 15 Transparent jelly with slight opalescence in 40 brs. 

15 2°0 Opalescent jelly in 30 hrs. 

2°0 0 Transparent jelly in 78 hrs. 

2°0 0°5 Trasparent jelly in 46 hrs. 

2°0 1:0 Transparent jelly in 46 brs. 

2°0 15 Opalescent jelly in 40 hrae 

2°0 2°0 Transluscent jelly in 19 hrs. 

20 3°0 Transluscent jelly in 10 hrs. 


From the results recorded in the above table, it would be seen 
that (i) the greater the amount of water added to a particular mix- 
ture of zirconium oxychloride and sulphosalicylic acid, the less is the 
setting time of the jelly, but the jelly is more opalescent, (ii) the 
jellies obtained with the same amount of zirconium oxychloride and 
water but with varying concentrations of sulphosalicylic acid show 
that an increase in the concentration of sulphosalicylic acid causes 
also a decrease in the time of setting. It is a general rule, that 
where a jelly has a marked tendency of devoloping opalescence, the 
time of the setting of the jelly is less and the speed of development 
of turbidity is more rapid. Even the jellies which have only a slight 
opalescence at the time of setting become almost opaque if kept for 
a large number of days. 





























ZIRCONIUM SULPHOSALICYLIC ACID JELLIES 288 


In a previous publication (J. Indian Chem. Soc., 1982, 9, 193) 
the author has studied the influence of temperature on the setting 
of numerous inorganic jellies and also mercuri-sulphosalicylic acid 
jelly. The influence of temperature is also very much marked in 
the case of zirconium sulphosalicylic acid jelly. In the following 
table, the results are recorded concerning the setting of a jelly pre- 
pared by the addition of 1c. c. of zirconium oxychloride solution to 
2c. c. of sulphosalicylic acid and 2 c. c. of water. The contents 
were allowed to set in baths maintained at different temperatures. 


Taste II. 
Temperature. Time of setting. Nature of the jelly. 
80° 1 min. Opaque 
70° 2 Opaque with slight light transmission 
60° ll Transluscent at the time of setting but beco- 
ming opaque iust after a few minntes 
55° 22 Transluscent jelly 
50° 35 Transluscent jelly 
45° 75 Transluscent jelly 
40° 240 Transparent with slight opalescence 
30° 19 brs. Transparent with very slight opalescence 


Thus zirconium sulphosalicylic acid jelly is more readily obtained at 
a higher temperature, but the texture and fineness of the jelly are 
markedly spoiled. 

Some of the best jellies of zirconium sulphosalicylic acid are as 
transparent as mercuri-sulphosalicylic acid jellies, but on ageing they 
become comparatively harder than the mercuri- ones. These zir- 
conium jellies do not undergo any syneresis, but on drying exhibit 
@ peculiar sort of rupture with beautiful pattern of cracks. This is 
due to the high concentration of the jelly which yields a hard com- 
pactness. Mercuri- jellies are obtained at comparatively low concen- 
trations. If the jelly producing solutions of zirconium jelly are 
allowed to set at a high temperature, an opaque mass is obtained; 
but if a transparent jelly set at ordinary temperature and kept 
for a sufficient number of days be now transferred to a bath 
maintained at a high temperature, the opalescence is not so rapidly 
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developed. In this respeet the jelly is quite resisting to the 
temperature. 

The influence of some ions on the setting of the jelly has also 
been investigated. The following table shows the influence of 
potassium chloride and ammonium sulphate. 


TABLE ITI. 


Zirconium oxychloride solution used=1 c¢. c. Sulphosalicylic acid 
added=2 c.c. Total volume kept=5 c. c. by adding water. 


N-KCl in ¢. ¢. 0 06 1°0 1°5 

Time of setting in hrs. 19 26 27 29 

N/5-Ammonium sulphate ine.c. 0 03 07 1'l 15 

Time of setting in hrs. 19 14 10°25 0 Precipitate appearing 


in $ hr. but setting to 
a solid mass in 64 hrs. 


Thus it would be seen, that in presence of monovalent ions, 
like chlorine from potassium chloride, the sol of zirconium sulpho- 
salicylic acid is markedly stabilised. Similar stabilisation is obser- 
ved in the case of aluminium ‘iitrate. In the presence of ammonium 
sulphate or any sulphate, the coagulation is rapid and a jelly is 
obtained in a comparatively less time. The jellies obtained in the 
presence of sulphate ions are more opaque too. The sensitising 
influence of citrate ions is all the more marked and in presence of 
even very small concentrations of sodium citrate, only precipitated 
masses are obtained and not the true jelly. From all these facts, 
it is clear that zirconium sulphosalicylic acid forms a positively 
charged sol. Being a very impure system, the coagulating effect 
of chloride ions is masked by the protecting action of highly 
adsorbed potassium ions from potassium chloride, and hence 
a stabilisation is observed when the jelly is allowed to set in its 
presence. An abnormal dilution effect will also be observed in this 
case, i.¢., if coagulation be effected by potassium chloride, the dilute 
sol would be found more stable than the concentrated sol. With 
sulphate and citrate ions, normal effects will be observed. 

In many respects, the zirconium sulphosalicylic acid differs from 
mercuri-sulphosalicylic acid. The latter forms a negatively charged 
sol, whilst the former is a positively charged one. Zirconium sols and 
yels when evaporated to dryness do not pass into the colloidal state 
again when water is added. In this respect they are heat-irreversible. 
Mercuri- acid forms a typical organic jelly which exhibits a sort of 
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‘melting ’ at a higher temperature, and takes more time to set when 
the temperature is raised. As has just been shown, the case with 
zirconium jelly is just the reverse of it. 

Wo. Ostwald and Mertens (loc. cit.) observed the ‘dissolving ’ 
influence of Cl , Br , CN , CNS ions on the colloidal phase of 
mercuri-sulphosalicylic acid. In presence of these ions, the colloidal 
nature of the sol at once disappears. However, in the case of zirco- 
nium sulphosalicylic acid, no such behaviour is observed. 

The jelly of zirconium sulphosalicylic acid is only produced when 
sulphosalicylic acid is used and not when its neutral sodium salt. 
The medium must be highly acidic in order to produce a fine jelly. In 
the following table, the influence of alkali on the formation of this 
jelly has been illustrated. 


TABLE IV. 


Zirconium oxychloride=1c¢.c. Sulphosalicylic acid=2 c.c. 
Total yvolume=5 c.c. 


NaOH (N-6'84). Time of setting. Nature of the jelly. 
02c. c. 7 brs. 40 mins. Transluscent 

03 6 hrs. Transluscent 

0'4 4 brs. Transluscent 

05 1 hr. 50 mins Very opalescent 
0°55 1 br. 15 mins. Opaque 

06 1 min. Opaque 


Thus it would be seen that no jelly can be obtained in neutral or 
alkaline medium. It appears that zirconium sulphosalicylic acid is 
peptised to the colloidal form by the adsorption of hydrogen ions from 
the system. Sulphosulicylic acid is a fairly strong acid with a sufli- 
ciently high dissociation constant and so in strongly acidic solutions, 
only a very small part of zirconium sulphosalicylate may be supposed 
to be in equilibrium with zirconium hydroxide formed by hydrolysis. 

Zirconium sulphosalicylic acid may be taken to possess one of the 


following structures : 
SO,° OZr° Cl 
ZrO(COO'SO,)OH'C,H, or CgH;(OH) 
OOH 


Further work on this substance is in progress. 


CHemicaL LABORATORIES, 
UNIVERSITY OF ALLAHABAD, 
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Presence of Formaldehyde in Rain and Dew and its 
Formation by Photo-oxidation of Organic Com- 
pounds and the Problem of Carbon Assimilation. 


By N. R. Daar anp Atma Ram. 


Recently we have shown (Nature, 1932, 180, 313) that all sam- 
ples of freshly collected rain-water contain formaldehyde. The 
amount of formaldehyde in rain-water varies from 0°00015 to 0°001 g. 
per litre. We have ascribed the presence of formaldehyde in rain- 
water to its photo-formation from carbon dioxide and water vapour 
present in the air. We have also advanced the view that the first 
stage in this photo-formation of formaldehyde and in photosynthesis 
in plants is the photolysis of water into H and OH. The carbon 
dioxide is subsequently reduced by the atomic hydrogen formed by 
the photo-decomposition of water. 

It might be argued that the formation of formaldehyde present 
in rain-water may be due to the electric discharge in the atmosphere 
during thunder storms. During the months of January, February, 
March and April, rain-water was collected and analysed every time 
there was a shower. On some of these days, electric discharge and 
thunder storms were observed. The amounts of formaldehyde present 
in rain-water are as follows : 


Date. Amount of formaldehyde Remarks. 
per litre of rain-water. 

Jan. 13, 1933 0°00055 g. Accompanied with thunder storm 
16 0°00055 No thunder storm 
22 0°0004 Accompanied with thunder storm 

and hail storm 
Feb. 25 0°0006 No thunder storm 
Mar. 12 0°00045 Do 
(2nd shower) 

13 0°0005 Accompanied with thunder storm 
25 0-00075 Do 

Apr. 12 0°0001 No thunder storm 
14 0°0007 Accompanied with severe thunder 


storm and frequent lightning discharge 
15 0°001 No thunder storm 
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From the foregoing observations it appears that the incidence of 
thunder storm does not increase the amount of formaldehyde present 
in rain-water. We have observed that the amount of formaldehyde 
present in rain-water is greater when the rainfall is preceded by 
some clear sunny days. Hence we are inclined to the view that 
formaldehyde in rain-water is obtained as a result of its photo-for- 
mation from carbon dioxide and water vapour. 

Recently we have found that dew also contains formaldehyde. 
The amount of formaldehyde in dew is appreciably greater than that 
in rain-water. The amount of formaldehyde in most of the samples 
of dew collected so far was approximately 0°0015 g. per litre. 
The formaldehyde in dew appears to come from the air in contact 
with grass, leaves, soil, etc. 

It is well known that many organic substances on exposure to 
light forms formaldehyde. The production of formaldehyde by ex- 
posing chlorophyll under various conditions to light has “been inves- 
tigated by several plant physiologists. 

The origin of this formaldehyde has not yet been satisfactorily 
explained. In order to throw light on this problem we have started 
a systematic investigation on the formation of formaldehyde by 
exposing solutions or suspensions of various organic substances to 
sunlight in presence of air. Dilute solutions of organic substances 
are exposed in beakers to sunlight for six hours and after exposure 
the solutions are distilled and the amount of formaldehyde estimated 
by the iodine method or by Schryver’s reagent. 

The organic substances investigated so far can roughly be 
classified into the following three groups according to the amount of 
formaldehyde formed from 100 c. c. of the solution. 


A B c 
Formaldehyde. Formaldehyde. Formaldehyde. 
(0°0015—0°0007 g.). (0°0006—0°0001 g.). (0°0001—0°000015 g.). 

Acetic acid Pyruvic acid Congo red 

Glycine Tartaric acid Safranine 
Methy! violet Phloxine Oxalic acid 
Methylene blue Aurine Glacose 
Acridine orange Gallamine blue Formic acid 


Crystal violet Laevulose Arabinose 
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B C 
Malachite green Galactose Starch 
Gentian violet Aniline green Tnulin 
Citric acid Batyric acid Cane sugar 
Malic acid Propionic acid Stearic acid 
Lactic acid 4:5’-Dibydroxy fluran Pot. stearate 
Glycerol 4-Hydroxy- 2’-methyl- Alanine 
5’-tsopropylfluran 
Acetone 4. Hydroxy- 2’-isopropy]l- Gelatine 
5-methylfluran 
Chlorophyll 4-Hydroxy- 3’: 4’-pheny- Cholesterol 
lene(p-hydroxy)fluran 
Glycogen Sodium acetate Leucine 
Sodium formate Histidine 
Sodium butyrate Phenylalanine 
Sodium propionate Ergosterol 


Sodium oleate 


In the first group, the substances on exposure to light and air 
yield formaldehyde readily. By carrying on blank experiments in 
the dark and in the absence of air we have not observed any formal- 
dehyde. When solutions Of these substances are exposed to light 
and air, formaldehyde is formed mainly as a direct product ofphoto- 
oxidation. Thus inthe case of glycine in presence of light and 
air the following reaction takes place: 


NH,CH,COOH+H'‘OH =NH,+CH,(OH)COOH 
CH,(0H) COOH + 0=C0, +H,0+HCHO 


In the case of acetic acid the probable mechanism of the reaction 
may be as follows : 


CH,COOH + H‘OH=CH,0H + HCOOH 
CH,0OH+0=H,0+HCHO 


We are of the opinion that with other substances of this group 
formaldehyde is a direct product of the photo-oxidation. 


5 
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In the second group of substances the amount of formaldehyde 
formed from photo-oxidation is less than in the first class. It is 
difficult to state definitely whether the formaldehyde is a direct 
product of photo-oxidation or formed photochemically from carbon 
dioxide and water which are the products of oxidation of organic 
substances. 

The formation of formaldehyde with the third class of substances 
is likely to be entirely due to the photosynthesis from carbon dioxide 
and water, produced in the photo-oxidation of the organic substances. 
From the researches of Palit and Dhar (J. Phys. Chem., 1925, 29, 925; 
1928, 32, 1263 ; 1930, 34,993 ; Z. anorg. Chem., 1930, 191, 150), 
it is evident that the energy-rich organic substances when exposed 
to light and air are partially oxidised to carbon dioxide and 
water. These freshly formed substances appear to be energy-rich 
and can undergo photosynthesis to formaldehyde in presence of light 
more readily than the ordinary carbon dioxide and water present in 
the atmosphere. That is why formaldehyde is more easily detect- 
ed in the photo-oxidation of organic substances which liberate energy 
in their oxidation than in the case where ordinary carbon dioxide 
or bicarbonate solutions are exposed to sunlight. It will be of interest 
to note that almost all samples of acetic acid, glycerol, lactic acid, 
pyruvic acid, glycol, methyl] alcohol, butyric acid, propionic acid 
and several other organic compounds kept in the store of our labora- 
tories contain small amounts of formaldehyde formed from their 
slow photo-oxidation, and when exposed to air and light directly, 
the amount of formaldehyde is greatly increased. 

It seems likely that the energy generated in the photo-oxidation 
of these organic substances applies a part of the energy for the photo- 
formation of formaldehyde. We are of the opinion that in nature, 
the photosynthesis that is taking place in the plants is aided by the 
energy obtained in plant respiration, which goes on as long as the 
plant lives. The ease with which formaldehyde or other energy-rich 
compounds are formed in plants is partly due to their getting a 
constant supply of energy from the oxidation of the food materials 
present in the plant. We have postulated that the most important 
chemical change in the formation of carbohydrates in plants and 
in the formation of formaldehyde in nature from carbon dioxide 
and water is the photolysis of water into H and OH. The amount 
of energy required to decompose a gram molecule of water into H 
and OH is the same as that necessary for the formation of a gram 
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mole of formaldehyde from carbon dioxide and water. These are 


highly endothermal changes requiring radiations of wave-length 2550A 
(1,12,000 calories). In nature, however, photosynthesis takes place 
in visible light especially the red. We are of opinion that the energy 
derived from respiration in the plants already supplies a part of the 
energy necessary for the photosynthesis and thus rendering the 
photo-decomposition of water possible by longer wave-lengths. 
Although the adsorption of carbon dioxide and water by the 
chlurophyll of the leaf may partially activate these substances, 
just as the adsorption of hydrogen and oxygen on a platinum 
or palladium surface renders them active, it appears to us that 
this activation of carbon dioxide and water by their adsorption 
on the leaf surface is less important than their activation by 
the adsorption of energy from respiration. These observations 
explain the difficulty of obtaining formaldehyde or carbohydrates 
directly from carbon dioxide, bicarbonates and water in vitro. In the 
presence of an exothermal chemical change, such as the photo-oxida- 
tion of carbohydrates or other organic substances, the photo-forma- 
tion of formaldehyde from carbon dioxide and water vapour appears 
to be greatly facilitated. We have carried on numerous comparative 
experiments on photosynthesis in vitro by exposing to sunlight aque- 
ous chlorophyll suspensions saturated with either carbon dioxide 
alone or a mixture of carbon dioxide and oxygen. Moreover, similar 
experiments have been performed with potassium bicarbonate solu- 
tions instead of carbon dioxide. In the majority of cases, slightly 
greater amounts of formaldehyde were obtained with a mixture of 
carbonic acid or bicarbonate solutions and oxygen than in the cases 
where the chlorophy!] suspensions were exposed to light and air in the 
absence of carbonic acid or bicarbonate solutions. In some of his 
experiments Warner (Proc. Roy. Soc., 1914, 87 B, 378) obtained more 
formaldehyde by exposing chlorophyll films to light in presence of a 
mixture of air and carbon dioxide than in presence of air alone. From 
comparative experiments on the photo-oxidation of organic acids, 
Palit and Dhar have shown that under identical conditions, oxalic acid 
is more readily oxidised in presence of light than tartaric or citric acid. 
On the other hand, by exposing solutions of these acids, very small 
quantities of formaldehyde are Obtained in the case of oxalic acid, 
whilst the amount of formaldehyde formed from citric acid is much 
greater. It appears, therefore, that formaldehyde obtained by expos- 
ing oxalic acid solutions to sunlight and air is not a product of direct 
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oxidation, as in the case of citric acid, but is produced photosynthe- 
tically from energy-rich carbon dioxide and water, which are products 
of its photo-oxidation. Itis rather peculiar that formic acid and 
sodium formate solutions yield very small amounts of formaldehyde 
when exposed to light and air. Dilute solutions of malachite green, 
crystal violet, methylene blue, gentian violet, acridine orange and 
methyl violet yield formaldehyde readily when exposed to light and 
air. Most of these dyes also behave as antiseptics. It will be in- 
teresting to investigate this problem further in order to find out 
whether all antiseptic dyes yield formaldehyde on photo-oxidation 
and the formaldehyde produced is the real antiseptic. 

In this connection it will be worth while noting that formal- 
dehyde is obtained even in the dark by treating carbonic acid or 
bicarbonate solutions with metals like magnesium, cerium, iron, etc. 
(Compare Dhar and Atma Ram, Nature, 1982, 129, 203). Recently 
we have been able to show that small amounts of formaldehyde are 
obtained by treating bicarbonate solutions with yellow phosphorus. 
In these cases the amount of formaldehyde formed is greater in light 
than in the dark. It appears that the energy-rich hydrogen pro- 
duced by the action of the metals on water is capable of reducing 
the bicarbonate ion or carbonic acid to formaldehyde even in the 
dark, aided by the energy produced by the reaction of the metals on 
carbonic acid and bicarbonate solutions. 

Now the question arises, can carbohydrates be obtained in plants 
even in the absence of light? It seems to be definitely settled that 
protein synthesis in plants can take place even in the dark in pre- 
sence of carbohydrates, which undergo metabolism. It appears, that 
the synthesis of protein is possible when energy is supplied from the 
oxidation of carbohydrates without the addition of solar energy. 
From experiments carried on in these laboratories in vitro, by 
exposing solutions of formaldehyde and ammonia to sunlight in pre- 
sence of different catalysts, we have come to the conclusion that 
there is less likelihood of the production of amino-acids and alkaloids 
than the formation of pyridine, piperidine, etc., due to the absence of 
carbohydrates, which are formed very slowly from formaldehyde 
in vitro evenin presence of light. Recently we have been able to 
obtain evidence of the formation of amino-acids by exposing solutions 
of formaldehyde, glucose and ammonia or nitrite and catalysts like 
TiO,g, ZnO, etc., to sunlight. Without using any catalyst we have 
been able to obtain evidence of amino-acids by the ‘‘ninhydrin’’ 
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test on exposing solutions of glucose, galactose or laevulose with 
potassium nitrate to sunlight. 

Moreover, it appears that protein formation in plants is likely 
to be facilitated by the presence of fats, which yield glycerol readily. 
It has been shown by Dhar and collaborators that reducing sugars 
and formaldehyde are obtained by exposing glycerol to sunlight. 
Recently we have observed that reducing sugars are obtained by 
exposing solutions of tartaric acid and other hydroxy organic acids to 
light. Hencethe presenceof tartaric acid or other hydroxy organic acids 
may also favour the formation of proteins in plants, and these pro- 
teins appear to undergo oxidation very readily in plants, animals and 
in vitro in presence of light with the liberation of energy. Many 
plant physiologists have attempted to connect respiration with photo- 
synthesis. Thus Spoehr (‘‘Photosynthesis,’’ 1926, p. 143) states 
‘*Also, the light green varieties had a lower rate of respiration than 
the normal plants, though there was no direct parallelism between 
respiration and chlorophyll content. A closer relationship 
seems to exist between the rate of photosynthesis and that of res- 
piration.’’ Again on page 164, it is stated ‘‘Respiration is an impor- 
tant internal factor affecting photosynthesis, in addition to the chlo- 
rophyll content and the number of chloroplasts. The exact manner 
in which these two processes of respiration and photosynthesis may 
be linked is still an open problem.’’ ‘‘Thus, while it is evident that 
there is no parallelism between chlorophyll content and rate of pho- 
tosynthesis, the quotient respiration-photosynthesis is more constant. 
This quotient for the light green varieties was found to be as follows: 


Ptelea= 1°77. Catalpa=1°72, Mirabilis = 2°0. 
Ulmus=2°0, Populus=2°1.”’ 


A correlation between respiration and photosynthetic rates was 
also noticed by Miss. Henrici (Inaug. Diss. Basel, 1918). She has 
observed in a study of alpine and lowland plants that those plants 
which had a high photosynthetic rate also had a high velocity of 
respiration and vice versa. Boysenjensen (Bot. Tidsskrift, 1918, 36, 
219) has also reported that plants which have a high rate of respira- 
tion also have a high velocity of photosynthesis. Similar results 
have also been obtained by Spoehr and McGee (Carnegie Inst. 
Wash. Publ., 1928, No. 325, pp. 76-98). 

From the view points discussed in this paper, it will be evident 
that the greater the respiration in a plant, the greater is the possibi- 
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lity of a supply of energy for photosynthetic purposes. In a recent 
communication (Dhar, Bull. Acad. Sci. U. P., 1983, 2, 141) the 
importance of respiration in plant life has been emphasised and it 
has heen concluded that respiration appears to be the more funda- 
mental reaction in plants and is more important to plant life than 
photosynthesis, which predominates in plants only under restricted 
conditions of temperature and light intensity. The factor which 
really controls plant life is its respiratory or metabolic activity. As 
all plant processes depend on the energy available from respiration, 
which is the most vital reaction in plant life as much as in animal 
life, photosynthetic activity can not proceed without respiration taking 
place in the plant and hence without the presence of oxygen, which 
supports respiration in both the plant and animal kingdom. Be- 
cause want of oxygen is detrimental to respiration, it is also harmful 
to photosynthesis. Consequently the classical experiments of Bous- 
singault (1868) and Pringsheim (1887), showing that in an atmosphere 
of hydrogen, nitrogen, carbon dioxide or methane, plants lose the 
power of photosynthesis, are easily explained, because in presence of 
these gases, oxygen respiration stops and the supply of energy 
necessary for the partial activation of carbonic acid and water is not 
available for the plant. It appears, therefore, that besides light,carbon 
dioxide, moisture and cholorophyll, energy, from respiration is also 
necessary for photosynthesis. 

Just as photosynthesis in vitro, that is, the formation of formal- 
dehyde from exposing solutions of carbonic acid to sunlight, is exceed- 
ingly difficult in the absence of an exothermal chemical reaction 
taking place along with it, carbon assimilation in plants is also 
practically impossible in the absence of a supply of energy available 
from respiration. Moreover, it is well known that atmospheric nitro- 
gen can only be fixed by some bacteria when supplied with energy 
from carbohydrate oxidation or another suitable exothermal oxida- 
tion reaction. In experiments in vitro, very little formaldehyde 
should be expected to form from carbonic acid or bicarbonate solutions 
on exposure to sunlight, because in sunlight short wave ultraviolet 
rays exist in small amounts. On the other hand, in presence of 
manganese and ferrous salts, we have been able to detect small 
quantities of formaldehyde frequently. This is because of the fact 
that these salts absorb visible light and also they are oxidised to the 
trivalent condition in presenee of air and this exothermal chemical 
change supplies a part of the energy required for photosynthesis. 
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Hence it is easier to obtain formaldehyde or any other energy-rich 
compound from carbonic acid or bicarbonate solutions on exposure 
to light when a suitable exothermal reaction is made to take place 
in the same system along with the photosynthetic reaction. 

In the case of the presence of formaldehyde in rain-water, we have 
explained its generation from photosynthesis of carbonic acid in higher 
altitudes where ultraviolet radiations of wave-length nearing 2550A 
are available. The following appears to be the important steps in 
carbon assimilation : 

1. Partial activation of carbon dioxide and water at the leaf 
surface due to their adsorption by chlorop}yll and other plant pig- 
ments. It seems that chlorophyll and carotinoids present in the 
leaf act as photosensitisers and as reducing agents in the photo-reduc- 
tion of carbonic acid. 

2. Further activation of the adsorbed carbon dioxide and water 
by the absorption of a part of the energy available from respiration 
and the oxidation of carotin and the formation of activated carbon 
dioxide and water as products of respiration. 

8. Absorption of light by chlorophyll and other pigments and 
the dissociation of activated water molecules in the leaf surface into 
H and OH and the reduction of activated carbon dioxide molecules 
to formaldehyde by the atomic hydrogen produced from the photolysis 
of water. The amount of energy required to decompose a gram mole 
of water into H and OH is the same as that necessary for the forma- 
tion of a gram mole of formaldehyde from carbon dioxide and 
water. 

4. The polymerisation of formaldehyde to reducing sugars. 

5. The formation of hydrogen peroxide from OH and the rapid 
decomposition 0f HO, into water and oxygen on the leaf surface. 

The polymerisation of formaldehyde in vitro to reducing sugars is 
an exceedingly slow process even in presence of light. We have 
shown that it is accelerated by ferric salts. Moreover, it is known 
that in presence of alkali, reducing sugars are formed from formalde- 
hyde. Light accelerates this reaction. How the formaldehyde 
formed on the leaf surface undergoes rapid polymeristation is still 
unknown. 

Usher and Priestly (Proc. Roy. Soc., 1906, 177 B, 369), 
Thurnberg (Z. physikal. Chem., 1924, 106, 305), Weigert (Z. physikal. 
Chem., 1923, 106, 818; ibid., 1924, 109, 79) and others have postulated 
the formation of HzO, in photosynthesis and its decomposition by 
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enzymes like catalase, etc. By exposing chlorophyll to light and air 
in vitro, Wager (Proc. Roy. Soc., 191<, 87 B, 386), Warner (loc. cit.) 
and others have produced evidence in favour of hydrogen peroxide 
formation. 

In recent years, the problem of the formation of hydrogen per- 
oxide from OH radicals has been investigated. Frankenburger and 
Klinkhardt (Trans, Faraday Soc., 1931, 27, 431) conclude that two 
water molecules are produced for each HO, molecule formed in 
the combination of hydrogen and oxygen initiated by photochemi- 
cally generated hydrogen atoms, and that the formation of H,Og is 
independent of temperature and the OH radicals must be relatively 
stable and require no energy for their activation in hydrogen 
peroxide. 

From the measurement of the ultraviolet absorption spectrum of 
hydrogen peroxide, Urey, Dawsey and Rice (J. Amer. Chem. Soc., 
1929, 51, 1371) have concluded that for every absorbed light quantum 
two hydroxy! radicals are formed as follows: 


H,0, + hv=2 OH 


On the other hand, Bonhoeffer and Person (Z. physikal. Chem., 
1931, 14 B, 1) are of opinion that free OH radicals react chiefly 
according to the following equation: 


OH+OH=H,0+0+14 K caloris. 


The life period of the free OH radicals is of the order of 10~* 
second. Mereover, von Elbe (J. Amer. Chem. Soc., 1933, 55, 62) 
does not support the reaction mechanism of Frankenburger and 
Klinkhardt involving the recombination of two OH radicals to form 
hydrogen peroxide. According to Bates and Salley (ibid. p. 110) 
hydrogen peroxide isthe sole product of the mercury sensitised 
hydrogen oxygen reaction. 

Ultraviolet light causes the decomposition of water into its ele- 
ments. According to Tian (Compt. rend., 1913, 156, 1063) water is 
photochemically decomposed by extreme ultraviolet radiations. 
Coehn and Grote (Nernst-Festchrift, Halle, 1912, p. 136) have report- 
ed that a stationary state is reached between water and its elements 
by the action of ultraviolet light. 

Senftleben and Rehren (Z. physik, 1926, 87, 529) have obtained 
only hydrogen as the gaseous decomposition product in the photosen- 
sitised decomposition of water vapour in presence of mercury and 
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have suggested that the reaction procceds in the followins steps: 
Hg! +H,0O—>Hg+OH+H ; 20H—>H, 0p. 

Taylor and Bates (J. Amer, Chem, Soc., 1927, 49, 2438) have 

reported the production of 73% Hg, and 27%O, in the murcury- 

sensitised photo-decomposition of water. 

It appears that the photolysis of the activated water molecules 
into H and OH on the leaf surface due to the absorption of light by 
chlorophyll and carotinoids resembles the cases of the photo-sensiti- 
sed decomposition of water investigated in vitro. 


SUMMARY. 


(1) The amount of formaldehyde in rain-water does not increase 
with the incidence of thunder storms. Hence electrical discharge in 
the atomosphere does not seem to form formaldehyde from carbon 
dioxide and water vapour. 

(2) Dew contains appreciable amounts of formaldehyde. The 
quentity of formaldehyde is greater in dew than in rain-water. 

(3) When soluticns of organic substances like acetic acid, citric 
acid, glycine, malic acid, lactic acid, glycogen, acetone, etc., are ex- 
posed to sunlight and air, formaldehyde is readily formed. 

(4) Dyes like malachite green, methyl violet, methylene blue, 
etc., also form formaldehyde readily on photo-oxidation. Tartaric acid, 
butyric acid, propionic acid and some dyes form smaller quantities, 
whilst oxalic acid, formic acid, glucose, cane sugar, starch, histidine, 
ete., produce very small amounts of formaldehyde from photo- 
oxidation. 

(5) Itis believed that the formaldehyde formed in the first 
group of substances is a direct product of the photo-oxidation, whilst 
with oxalic acid, starch, glucose, etc., formaldehyde is obtained from 
the photosynthesis of the energy-rich carbon dioxide and water pro- 
duced by photo-oxidation. 

(6) It seems likely that the energy generated in the photo-oxida- 
tion of organic compounds supplies a part of the energy required for 
the photo-furmation of formaldehyde. In nature, the photosynthesis 
that takes place in plants is aided by the energy obtained in plant 
respiration. 

(7) There is an intimate relation between respiration and photo- 
synthesis in the plant kingdom, because photosynthesis can not 
proceed without the energy available from respiration for the partial 
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activation of carbon dioxide and water vapour. The need of the 
presence of oxygen in photosynthesis is also explained from the same 
point of view. 

(8) Itis easier to obtain formaldehyde or any other rich com- 
pound from carbonic acid or bicarbonate solutions on exposure to 
light when a suitable exothermal reaction is taking place in the sys- 
tem along with the photosynthetic reaction. 

(9) A theory of carbon assimilation in the plants is advanced 
from the view of the partial activation of carbon dioxide and water 
by the absorption of a part of the energy available from respiration. 
Absorption of light by chlorophyll and other pigments leads to the 
dissociation of the activated water molecules on the leaf surface into 
H and OH and this appears to be the most important photochemical 
reaction in carbon assimilation. The atomic hydrogen pr duced 
reduces the carbonic acid. 


CaemIcaL LABORATORIES, 
ALLAHABAD UNIVERsITY, Received May 18, 1933. 
ALLAHABAD (Inp1A). 














Decomposition of Hydrogen Peroxide by Potassium 
Ferro- and Ferricyanides. 


By B. S. Srrkantan anp A. RanGa Rao, 


Kistiakowsky (Z. physikal, Chem., 1900, 35, 431), finds that the 
decomposition of bydrogen peroxide in the presence of a few drops of 
a mixture of solutions of yellow and red prussiate of potash is greatly 
accelerated by previously exposing the mixture to light. The ex- 
posure, however short it might be, had a pronounced effect in that 
the activity continued leng after the illumination had ceased. The 
activity is attributed to the formation of a new catalyst by the action 
of light and not to any photochemical after-effect. This presents a 
peculiar and an interesting reaction in that the time of exposure of 
the mixture, however short it might be, of yellow and red prussiate 
to light, does not seem to have any appreciable difference in the final 
effect. Hence asystematic examination of the decomposition of 
hydrogen peroxide by yellow and red prussiate of potash in dark and 
in light, seemed to us desirable. 


EXPERIMENTAL, 


Kistiakowsky {loc. cit.) followed the reaction by titrating definite 
amounts of the reaction mixture from time to time with dilute per- 
manganate and after making a small, but rough correction for the 
amount of ferrocyanide taken, took the titre value as a measure of 
hydrogen peroxide still undecomposed in solution. This difficulty is 
eliminated in the following paper by finding out the amount of hydro- 
gen peroxide decomposed by measuring the volume of oxygen evolved 
from time to time. The reaction was allowed to go on to completion 
for more than 24 hours. The total amount of oxygen was noted as 
infinity readiag and from this the original concentration of hydrogen 
peroxide known. A small volume of gas that is dissolved in the liquid 
is not taken into account. This does not make any great error in the 
velocity coefficients since under the conditions of the experiments 
described here, it does not amount to more than 0°3c.c. on the 
whole. 
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Chemically pure ferro- and ferricyanides of potash were used; 
fresh solutions were always made before any set of experiments. The 
hydrogen peroxide used throughout was of Schering-Kahlbaum 
suitably diluted. 


Fia. 1. 


\ : 


" g 


te 
S : 


The apparatus consists a reaction vessel A, connected to a gra- 
duated 10 c.c. pipette B, and capable of communicating with a nitro- 
meter burette D and levelling tube E through a side hole in the 
ground joint at the neck of the vessel. In most of the experiments 
5 c.c. of suitably diluted hydrogen peroxide was placed in the re- 
action vessel and 10 c.c. of ferro- or ferricyanide of potash solution 
were taken in the pipette. The nitro-meter burette was filled with 
water and the three way tap F was turned to be in connection with 
the vessel A and to the atmosphere. The reaction ves:el with the 
hydrogen peroxide solution was placed in an electrically controlled 
thermostat (correct to +0°05°) so that it was immersed in water 
up to the neck. Time was allowed for the flask and its contents 
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to attain the temperature of the bath. Then 5 c.c. of the solution 
from the pipette was allowed to run into the flask along the sides 
of the vessel and thus allowed to mix without shaking and the tap F 
was turned quickly to connect the reaction vessel and the measuring 
burette. The time was noted and the volume of gas in the buretie 
at atmospheric pressure was read off. The decomposition was follwed 
by the amount of oxygen collected at atmospheric pressure, from 
time to time. 

Care was taken not to expose the reaction mixture or the original 
solution to the action of light, except when it was so desired. 


Experiments with Potassium Ferrocyanide. 


Experiments were conducted with 5 c.c. of hydrogen peroxide 
solution and 5 c.c. of M/10-potassium ferrocyanide solution at 25°. 
Reproducable data were obtained, but the results were too complicated 
to be represented by the ordinary velocity equations. It appears 
that the reaction is not one of simple decomposition of hydrogen 
peroxide by ferro-cyanide but is complicated by subsidary ones 
taking place as well. The following possibilities suggest themselves. 

(1) Decomposition of HgO, by ferrocyanide. 

(2) Oxidation of ferrous ion to ferric state by HyOg9. 

(3) Decomposition of HgO, by ferri-cyanide formed. 

(4) Enhancement of reaction (1) by the inducive action of (2). 


Fic. 2. 
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Hence experiments with ferrocyanide were abandoned and the 
decomposition of HzO, by ferricyanide was studied in a detailed 
manner. 

Experiments with Ferricyanide. 

Reaction velocity and the period of induction.—The following 
tables and the graphs (Fig. 2) give the summary of ther esults on the 
kinetics of the decomposition of hydrogen peroxide by potassium 
ferricyanide solutions. 

Since the speed of the reaction is measured by the rate of evolu- 
tion of oxygen from the liquid, it would be incorrect to calculate the 
velocity constant from the beginning by the application of the usual 
formula. Hence the instantaneous rates and the velocity coefficients 
were calculated at each point in the course of the reaction. For a 
unimolecuiar reaction it is given by 

dx/dt x 1/C,,, 
where dz is the amount of oxygen evolved or H,0, decomposed in 
interval dt, and C,, is the mean concentration of H,O, in that 


interval. 
TABLE I. 


H,0,=5¢.c. M/10—K;Fe (CN),=5 e.c. Temp. =27°5°. 


Time min in. 0 5 10 30 60 80. 100 120 130 1400 ox 
Burette read- 

ing in c.c. 05 O58 O85 i 2° ; 79 
Conc. of Hy O» 

in terms of 

c.c, of Og 


99 107 114 186 


87 78 71 


Instantaneous 


rates 00090 0°0104 0°0103 0°0109 0°0100 


mean 0°0101 
TABLE II. 


H,0,=5 c.c. M/10-K,Fe(CN),=7'5 c.c. Temp. =27°5°. 


Time in min. 0 40 60 80 100 120 130 140 150 160 170 180 x 
Barette read- 

ing in c.c. 10°0 10°0 10°0 10°5 11°2 12°9 14°4 15°85 17°25 18°50 19°60 20°50 28°60 
Conc. of H,02 

in terms of 
c.c. of Oo. 186 ... ... 181 17°4 15°4 14°2 12°75 11°35 101 90 80 


Instantaneous 
rates a a ee 0°0108 O°O111 O°OL15 O'OLLS 0°0117 


mean 0(°0117 
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Tas_e III. 





H,0,=5 c.c. M/10-KgFe (CN),=10 c.c. Temp. =27°5°. 





160 180 200 220 o 





Time in min. 0 40 60 80 100 120 140 150 


Burette reading 
in c.c. 2°0 2°0 2°0 20 41 60 86965 10°60 12°20 13°35 14°40 18°5 














Conc. of H20, 
in terms ot 
c.c. of Og BOT 2... we so BOE OG 99 88 79 63 515 41 










Instantaneous 
SS ——CC ii aig 0°0116 0°0112 0°0111 00112 0°0101 0°0114 







mean O°0111 






It appears that there is an initial disturbance after which the 
velocity coefficients are constant. The reaction is unimolecular and 
does not depend on the initial concentration of the hydrogen per- 
oxide. The initial period consists of two definite portions; a short 
one where there is no evolution of gas followed by another period of 
gradually increasing rate of chemical transformation, till the regular 
velocity coefficients are obtained. The first one corresponds to a 
* pseudo ’ period of induction as is usually observed in measurements 
of this type where the gas is retained by the liquid depending on its 
saturation capacity (cf. Veley, Phil. Mag., 1903 (vi) 6, 271; Marchand, 
Ann, chim. phys , 1873 (iv) 4, 30, 302). The regular period of induc- 
tion corresponds to that when there is a slow and increasing rate of 
evolution of gas. 

In order to verify this, experiments were performed with the same 
concentration of solutions but with different quantities so that the 
total volumes of the liquid were different. The results are described 
in Tables I, II and III. Other conditions being the same the total 
volume of the reaction mixture varies from 10 to 15c.c. It is seen 
that the ‘pseudo’ period of induction depends on the volume of the 
liquid. Thus for a total volume of 10 c.c., the period is about 50 to 
60 min., for 12°5 c.c. it is between 60 to 80 minutes and for 15 c.c. 
it is between 80 to 100 minutes. 

Next experiments were performed with various concentrations of 
ferricyanide solution at 27°5°. and at 87°5°. The results are 
presented in Fig. 2 by means of graphs. The velocity coefficients 
at various times are plotted against the times. It is seen that the 
period of induction increases with dilution, With M/100, it was seen 
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that even after 6 hours working the period of induction was not 
passed. Experiments with M/500 at 37°5°. showed that the reac- 
tion was immeasurably slow even after 2 days. Table 1V shows that 
the product of the period of induction and concentration is fairly 
constant. At 37°5° the constant is about 2/5 its value at 27°5° 
corresponding to a temperature coefficient of the reaction velocity of 
about 2°5, described in the next section. 

The data also shows the effect of dilution of potassium ferri- 
cyanide on the velocity coefficients. 


TaBLe IV. 
Molar conc. of K3Fe(CN), - orl 0°05 0°02 
Period of induction ®, at 27°5°. in 61 122 275 
@ at 875°... 25 a 110 
@xC ” 61 61 55 
6, x C i 25 = 2"2 


N.B. The values for the period of induction have been obtained from the 
graphs. 


Temperature coefficient.—Experiments were performed at 27°5° 
and at 37°5° with concentrations of N/10 and N/50-potassium ferri- 
cyanide. The summary of the results are given in Table V. The 
velocity coefficients after the initial period were always taken for the 
velocity constants. 


TaBLe V. 
Cone. of ferricyanide. Koz-5 K37.5. K47-5/ Kgz.s. 
M/10 0°0101 0°0217 2°2 
M/50 0°0009_3 0'002225 2°5 


Thus the temperature coefficient of the reaction velocity is about 
2°3. 

Effect of light.—Kistiakowsky (loc. cit.) mentions the extra- 
ordinary sensitivity of this reaction to light, which persists even after 
the exposure has long ceased. He believes that it is due to the forma- 
tion of a new catalyst in the presence of light and which catalyst is of 
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a colloidal nature. Two samples M/10 solutions of ferricyanide were 
exposed to bright sun light at midday, one for 5 minutes and the 
other for 30 minutes. The solutions were well cooled to 27°5° and 
experiments were conducted with them. The results are given in 
Tables VI and VII. The reaction starts at once and proceeds rapidly. 
It is clear that the only effect of such a treatment is to eliminate the 
period of induction. The velocity coefficients in both the cases were 
the same and the value is actually lower (about a third) than that 
obtained before exposing the solution to light. However, Kistia- 
kowsky failed to notice the period of induction, described here. So 
it is obvious that he has been comparing these values with the 
reaction rates during the period of induction; At such concentrations 
as he worked with, it is likely that the period of induction persists 
for many hours. 


TaBLeE VI. 

H,0,=5 ce. M/10-K,Fe(CN), =5 c.c. Temp. =27°5°. 
Time of exposure=5 min. 
Time in min. 0 60 be] 123 2c 
Burette reading (c.c.) 4°2 14°2 18°2 21°2 34°2 
Instantaneous rates... 0°00669 0°00695 0°00668 
Mean 0.00674 
TaBie VII. 


H,0,=5 c.c. M/10—K3Fe (CN)¢=5. c.c. Temp. =27°6°. 
Time of exposure = 30 min. 


Time in min. 0 82 101 160 30 
Burette reading (c.c.) 4 16°6 18°7 23°4 33°9 
Instantaneous rates .. 0°00689 0°00680 0°00650 

Mean 0°00673 


A solution of potassium ferricyanide, which is yellow, when 
exposed to light seems to undergo a gradual change. At first the 
solution becomes slightly greenish and in about half an hour it is 
dark blue. This appears to be colloidal in nature. On prolonged 
exposure prussian blue is precipitated, (cf. Friend, ‘‘ Inorganic 
Chemistry’ Vol. IX, Part II, p. 304; Vorliinder, Ber., 1913, 46, 181). 
Hence it appears that the elimination of the period of induction 
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after exposure to light is due to the formation of prussian blue (of a 
colloidal nature) which act as nuclei for the bringing together of 


H,O, and K;Fe(CN), by suitable adsorption. 


The Mechanism of the reaction.—As there is a period of induction 
it is evident that the reaction proceeds through the formation of an 
intermediate complex. When a solution of H,O, is added to a 
solution of potassiam ferricyanide, it is noted qualitatively that 
gradually the colour of the solution deepens and after some time, 
depending on the concentratation of ferricyanide, changes from 
yellow to deep red. When the'colour does not deepen further there 
isa brisk evolution of gas. On the analogy of Briggs (J. Chem. 
Soc., 1920, 117, 1026) who shows that ferricyanide reacts with 
water to a slight extent as giving aquopentacyanoferrate ; 


K,Fe(CN),+HgO—>[K;Fe(CN),H,0]—>K, Fe(CN),, HgO+KCN 
it is possible that H,O, reacts more rapidly than water giving 
a hydrogen peroxide of pentacyanoferrate which decomposes giving 
aquopentacyanoferrate and oxygen as: 


K,Fe(CN), + HgO02g=[K3Fe(CN),, H,O,]=[KygFe(CN);,H,0>] 
+KCN 


2[K,Fe(CN);, Hp0,]=2[KeFe(CN);, HO] +0, 


It is seen qualitatively that a solution of ferricyanide after 
treatment with hydrogen peroxide contains a greater quantity of 
potassium cyanide than the other for equal intervals of time. How- 
ever in the absence of further evidence this is only a tentative 


explanation of the reaction. 


SuMMARY AND CONCLUSIONS. 


(1) The decomposition of hydrogen peroxide by potassium ferro- 
cyanide appears to be of a complicated nature. 

(2) The decomposition of hydrogen peroxide by potassium ferri- 
cyanide is unimolecular. 

(3) The reaction is attended with a period of induction which has 
been shown to be partly ‘pseudo’ (due to the retaining of the gas in 
solution) and partly ‘real.’ 

(4) The period of induction is inversely proportional to the 
concentration of ferricyanide and decreases with temperature 




















DECOMPOSISION OF HYDROGEN PEROXIDE 307 


in the inverse ratio of the temperature coefficient of the reaction 
velocity. 

(5) The temperature of the reaction velocity is about 2°3. 

(6) Light does not accelerate the reaction as is supposed by 
Kistiakowsky (loc. cit.); light decomposes ferricyanide to prussian 
blue which acts as centres for the reaction to start, thus eliminating 
the period of induction. 

(7) A mechanism of the reaction has been suggested on the 
basis of an intermediate complex formed between H,O, and 
K;Fe(CN)<¢. 

Our thanks are due to Principal G. Nagaratnam Iyer, B.A., B.E. 
for his kind interest. 

DBPARTMENT OF TECHNICAL CHEMISTRY, 
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The Reactivity of the Chlorine Atom in the Benzene 
Nucleus. 


By Biman Bisari Dey AND YETCHAN GuyJA DorAISWAMI. 


The reactivity of the halogen atom ina benzene nucleus under 
the influence of the nitro and other negative groups, has for a long 
time engaged the attention of chemists. It has been known that the 
nitro group is the only group that, in the absence of other groups 
causes really pronounced activation of the halogen atom, and that in 
comparison with the halogen in a halogeno-mononitrobenzene, ¢.g., 
o-chloronitrobenzene, the halogen in other halogeno-monosubstitu- 
ted benzenes, ¢.y., 0-chlorocyanobenzene and o-chlorobenzoic acid, 
is practically inert. It would thus be understood why it is advan- 
tageous, for a proper comparison of the effects of substituents on the 
replacement of the halogen in an aromatic nucleus, to select such 
compounds as contain necessarily a nitro group in addition to the 
halogen atom and the activating substituent. 


The object of the present investigation has been mainly the 
determination of the relative influence of (a) the nitro, (6) the cyano, 
and (c) the carboxyl groups on the reactivity of a chlorine atom adja- 
cent to each of these groups in an aromatic nucleus. Attention has, 
therefore, been directed chiefly towards the condensations of (i) 1- 
chloro-2:4-dinitrobenzene, (ii) 1-chloro-2-cyano-4-nitrobenzene, and 
(iii) 1-chloro-4-nitro-2-benzoic acid (2-chloro-5-nitrobenzoic acid), all of 
which contain a nitro group in addition to the activating substituent, 
with the following compounds: aniline, 0-, m- and p-toluidines, di- 
ethylamine, urea, sodium ethoxide, sodium methoxide and the sodium 
derivatives of ethyl malonate, ethyl acetoacetate, ethyl cyanoacetate, 
nitromethane and cyanoacetamide. Although several of these conden- 
sations have necessarily involved repetitions of previous work, the 
methods of experiment have often been modified with considerable 
advantage, and the results have helped in drawing certain clear and 
definite conclusions regarding the reactivity of the chlorine atom 
when it has either a nitro, a cyano or a carboxyl group adjacent to 
it and a further nitro group always fixed in the para position. 
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The condensation of 1-chloro-2:4-dinitrobenzene with aniline and 
o-, m- and p-toluidines has now been effected by merely warming a 
mixture of the components on the water-bath for 10-15 minutes in 
the case of aniline and about balf an hour in the case of the toluidines 
(vide Reitzenstein, J. pr. Ciiem., 1903, ii, 68, 251), the yields being 
practically quantitative. 

Schépff (Ber., 1890, 28, 3440), who prepared 2 :4-dinitrodipheny]- 
amine by heating 1-bromo-2-cyano-4-nitrobenzene and aniline to _boil- 
ing for a long time, observed that under these conditions complica- 
tions often set in, leading to the formation of nitroanilinobenzamide 
and nitroanilinobenzanilide. Again, Baudet (Rec. trav. Chim., 
1924, 43, 707) prepared 2-cyano-4-nitrodiphenylamine by mixing 
chloro-2-cyano-4-nitrobenzene and aniline in alcohol «and _ heating 
under pressure in a sealed tube at 150° for 5 hours, no condensation 
being observed to take place on heating at a lower temperature, ¢.g., 
130° for 24 hours. 

It is found now that the condensation between chloro-2-cyano-4- 
nitrobenzene and aniline is most quickly and conveniently effected 
by heating the substances together at 180°; the reaction is 
completed within }-1 hour and an excellent yield of 2-cyano- 
4-nitrodiphenylamine is obtained. Not only is the reaction 
completed in a much shorter time, but it is also kept well under 
control and does not permit the occurrence of any side-reactions. The 
same method has been successfully applied in the case of the tolui- 
dines also. The condensation, however, takes place only with m- and 
p-toluidines, o-toluidine not condensing with chlorocyanonitrobenzene 
even on heating at 200° for 2 hours (cf. Baudet, loc. cit.). 

It may, therefore, be regarded as definitely established that the 
reactivity of the chlorine, at least with respect to primary aromatic 
amines, is less marked in chloro-2-cyano-4-nitrobenzene than in 
chloro-2 :4-dinitrobenzene. Thus, whereas Mattaar (Rec. trav. Chim., 
1922, 44, 24, 103) succeeded in effecting the condensation between 
chloro-2-nitro-4-cyanobenzene and aniline by refluxing in alcohol for 
1 hour, chloro-2-cyano-4-nitrobenzene is now found to react only on 
heating with aniline to 180° for about an hour, the same being the 
case with m- and p-toluidines. Again, chloro-2-cyano-4-nitrobenzene 
could not be condensed at all with o-toluidine and methylaniline even 
on heating for several hours at 200°, while Mattaur found the conden- 
sation of these two bases with chloro-2-nitro-4-cyanobenzene to be 
easily accomplished. These observations, therefore, are of consider- 
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able value in explaining the remarkable effect of exchanging the posi- 
tion of the two groups, viz., cyano and nitro in chloro-2-cyano-4- 
nitrobenzene on the reactivity of the halogen. 


The effect of the carboxy! group in the ortho position is shown by 
the fact that the condensation of 2-chloro-5-nitrobenzoic acid with 
aniline and the toluidines takes place with greater ease than in the 
case of chloro-2-cyano-4-nitrobenzene. The reaction is completed in 
the case cf aniline and m- and p-toluidines by heating the reacting 
substances at 140° for 20-30 minutes, o-toluidine alone requiring 
to be heated ton somewhat higher temperature (160°) (cf. Locher, 
Annalen, 1894, 279, 275; also Kahn, ibid., p. 270). 


Tt may be concluded as a result of these experiments that the 
activating influence of the nitro, the cyano and the carboxy! groups 
on the replacement of halogen by means of the aromatic amines de- 
creases in the order: nitro > carboxyl > cyano. 


In this connection, attempts have also been made to condense 
chloro-2-cyano-4-nitrobenzene with the chloroanilines and the 
nitroanilines. The method employed has been to heat the substances 
at 190—200° for an hour or two. Of the three chloroanilines 
it is found that only p-chloroaniline condenses with chlorocyano- 
nitrobenzene, giving 2-cyano-4-nitro-4/-chlorodiphenylamine (m. p. 
282°). None of the nitroanilines could, however, be condensed 
with chlorocyanonitrobenzene. These observations serve admirably 
to illustrate the relative influence of a negative substituent, 
e. g., Cl or NOg, in different positions in the aniline molecule in 
reducing the basicity and activity of the NH» group. 


Diethylamine reacts very readily with chlorodinitrobenzene, the 
condensation taking place when the components are refluxed in 
alcoho! for 20—30 minutes. The extreme ease with which the reaction 
takes place is also observed by Romburgh (Rec. trav. Chim., 1883, 
2, 40) in the case cf 1-bromo-2:4-dinitrobenzene. The condensa- 
tion between diethylamine and chloro-2 cyano-4-nitrobenzene is also 
similarly accomplished by mixing the components in alcohol and 
boiling under reflux for 2—3 hours. In the case of 2-chloro-5-nitro- 
benzoic acid, however, reaction does not take place even on boiling for 
4—5 hours. No better results are obtained by employing the sodium 
salt or the methyl ester of the acid for the condensation. 


The reactivity of the halogen in these compounds towards urea 
has also been studied with interesting results. When chloro-2:4- 
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dinitrobenzene and urea are fused together 2:4-dinitroaniline is 
obtained. This method, for the replacement of the Cl by the NH, 
group, is pot, however, of general applicability, for such replacement 
does not occur with o-, m- or p-chloronitrobenzene. 


The reaction proceeds on somewhat different lines in the case of 
chloro-2-cyano-4-nitrobenzene. When this compound is similarly 
heated with urea, a product is obtained melting at 190°. It is not 
2-cyano-4-nitroaniline, m. p. 209°, (which has been prepared by 
Baudet by heating chlorocyanonitrobenzene with alcoholic ammonia 
under pressure), for it is not soluble in dilute or strong hydrochloric 
acid and can not be acetylated, whereby the absence of the NH, group 
is proved. The product could not be hydrolysed by Wiling with strong 
HCl, nor even by digesting with concentrated HySO, at 100°, which 
renders the presence of a CN group doubtful. Analysis points to the 
probability of the compound being 2-uramido-5- nitrobenzamide. 
This constitution receives further support from the observation that 
the product of hydrolysis with moderately strong potash (15%) 
yields an acid (m. p. 264°), which is found to be identical with 5- 
nitroanthranilic acid (m. p. 263°) which has been prepared for 
comparison by direct nitration of anthranilic acid (the NHg group 
protected by acetylation) with fuming nitric acid (cf. Rupe, Ber., 
~ 1897, 30, 1097). - 

On hydrolysis by vigorous boiling with strong potash (20%) the 
product obtained is 5-nitrosalicylic acid (m.p, 229°) the NHg group 
of the 5-nitroanthranilic acid being substituted by hydroxy], thus: 


/NNH.CO.NHe NH, OH 


| | 
¥ N ri 
NO.\/CONH, NO \/COOH NO\/COOH 


The formation of 2:4-dinitroaniline from 2 :4-dinitrochlorobenzene 
and urea is now readily explained on the basis of the extreme 
reactivity of the halogen, which would appear to have easily been 
acted upon by the ammonia evolved from the urea, On the other 
hand, the lesser reactivity of chlorocyanonitrobenzene (1 :2:4) would 
render such a replacement of chlorine with ammonia difficult, so 
that on prolonged heating the urea itself enters the molecule. 
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No definite product could, however, be isolated by condensing 
2-chloro-5-nitrobenzoic acid or its methyl ester with urea, the major 
portion of the acid or ester being recovered unchanged. 

With sodium ethoxide and sodium methoxide, again, chloro-2:4- 
dinitrobenzene condenses with extreme ease, the reaction being 
completed by refluxing for 20—30 minutes (cf. Cahours, Annalen, 
1849, 69, 236; 1850, 74, 315; Willgerodt, Ber., 1879, 12, 763; also 
Maikopar, ibid., 1873, 6, 564). 

The condensation between chloro-2-cyano-4-nitrobenzene and 
sodium ethoxide and methoxide is similarly effected by refluxing for 
1-2 hours with sodium dissolved in the absolute alcohol, the pro- 
ducts being identified with 1-ethoxy- and 1-methoxy-2-cyano-4-nitro- 
benzene which had been obtained previously by Blanksma from 
l-ethoxy- and 1-methoxy-2-amino-4-nitrobenzene respectively, by 
diazotisation and treatment with potassium cuprocyanide (Chem. 
Weekblad, 1908, 5, 789). 

On similarly refluxing 2-chloro-5-nitrobenzoic acid, as well as its 
sodium salt, with sodium ethoxide and methoxide for 4-5 hours, the 
reaction does not proceed at all and most of the acid is recovered 
unchanged. 

Thus, it has been found that with regard to these reagents as well 
as with diethylamine and urea, the halogen in chloro-2-cyano-4-nitro- 
benzene, while although less reactive than in chloro-2:4-dinitro- 
benzene, is replaced far more readily than that in 2-chloro-5-nitro- 
benzoic acid: the order with these reagents being NO, > CN > 
COOH. 

From the foregoing experiments, therefore, the conclusion seems 
inevitable that, just as the order in which the different halogens are 
replaced depends upon the reagent used, as shown by the experiments 
of Luloffs (Rec. trav. Chim., 1901, 20, 292) and Rheinlander (J. Chem, 
Soc., 1923, 128, 3099), even so is the relative activating influence of 
the various negative groups on the halogen atom in an aromatic nu- 
cleus dependent largely on the nature of the reagents which are 
employed for substitution. 

Again, if the results of the quantitative experiments of Mattaar 
and Baudet (loc. cit.) be taken into consideration, it must be conceded 
that with sodium ethoxide and methoxide, chloro-2-cyano-4-nitro- 
benzene reacts far more readily than chloro-2-nitro-4-cyanobenzene, 
whereas the reverse is found to be the case with the aromatic amines. 
This furnishes, therefore, a further illustration of the rule that the 


8 














314 B. B. DEY AND Y. G. DORAISWAMI 


nature of the particular reagent employed largely governs the 
relative influence of the activating substituents on the halogen 
atom. 

Attention may in this connection be drawn to two interesting ob- 
servations which seem to receive an explanation from this peculiarity. 
It has been found that sodium ethoxide reacts far more readily with 
p-nitrochlorobenzene than with o-nitrochlorobenzene and this obser- 
vation is in line with that made by Rheinlander (loc. cit.), namely, 
that the speed of the reaction of sodium ethoxide with p-bromonitro- 
benzene is twice as great as that with o-bromonitrobenzene. The 
greater reactivity towards this reagent ofc hloro-2-cyano-4-nitro- 
benzene than of chloro-2-nitro-4-cyanobenzene appears thus to be 
readily explained as being due to the relative positions of the nitro 
group in these two compounds. 

With regard to the reactivity of these substituted halogenated 
nitrobenzenes towards §-ketonic esters and allied derivatives, refer- 
ence might be made to the work of Richter (Ber., 1888, 21, 2470), 
Reissert and Heller (Ber., 1904, 37, 4364), Borsche (Ber., 1909, 42, 
602) and Borsche, Stackmann and Makaroff-Semljanski (Ber., 1916, 
49, 2222) who have condensed sodioacetoacetic and sodiomalonic 
esters with substituted halogenated nitrobenzenes. This has now 
been extended to the study of the condensation of 1-chloro-2 : 4-dini- 
trobenzene, 1-chloro-2-cyano-4-nitrobenzene and 2-chloro-5-nitroben- 
zoic acid with the sodium derivatives of not only ethyl malonate and 
ethyl acetoacetate but also of ethyl cyanoacetate, nitromethane and 
cyanoacetamide. It is found, however, that reaction takes place only 
in the following cases: (a) chlorodinitrobenzene with sodiomalonic 
and sodioacetoacetic esters, (b) chlorodinitrobenzene and chloro- 
cyanonitrobenzene with sodium cyanoacetamide. Even the use of 
catalysts like copper dust and copper acetate has not been found to 
bring about any reaction in the other cases. 

The observations of Borsche, Stackmann and Makaroff- 
Semljanski (loc. cit.) are hereby corroborated. Thus, whereas these 
authors have condensed 1-bromo-2-nitro-4-cyanobenzene with sodio- 
malonice and sedioacetoacetic esters, it is now found that 1-chloro-2- 
cyano-4-nitrobenzene does not react with these esters, although 
repeated attempts have been made under different eonditions to 
bring these into reaction. This difference in the behaviour of halo- 
geno-2-nitro-4-cyanobenzene and of halogeno-2-cyano-4-nitrobenzene 
towards these reagents as well as towards the aromatie amines (vide 
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supra) serves, therefore, as one more example of the superior 
influence of the nitro group when adjacent to the halogen atom. 

The condensations of chloro-2:4-dinitrobenzene and _ chloro-2- 
cyano-4-nitrobenzene with sodium cyanoacetamide have yielded very 
interesting results which are reserved for a future communication. 


EXPERIMENTAL. 


1-Chloro-2-cyano-4-nitrobenzene.—To 40 c.c. fuming nitric acid 
(d@ 1°5), well cooled in ice, o-chlorocyanobenzene (10 g.) (Mon- 
tague, Rec. trav. Chim., 1900, 19, 50) was gradually added with 
shaking. To the clear brown solution at 0° conc. H SO, (40 c.c.) 
was added drop by drop with constant stirring. After standing an 
hour in the ice-bath, the liquid was poured into crushed ice, the 
precipitate collected, washed with 50% alcohol and crystallised from 
boiling alcohol as shining straw-yellow needles, m.p. 106°, yield 
12-13 g. (cf. Borsche, Ber., 1921, 54, 664). 

4-Chloro-3-cyanoaniline.—To concentrated HCl (15-20 c.c.) in a 
small long-necked flask granular tin (8 g.) was added and the whole 
heated on a wire-gauze. When the evolution of hydrogen had become 
vigorous, chlorocyanonitrobenzene (3 g.) was gradually added with 
shaking, and the mixture boiled down to three-fourths the volume 
(15-20 minutes). On cooling, the clear yellow solution deposited a 
crystalline mass of the stannichloride. The mixture was diluted 
with a little water, made strongly alkaline with 50% caustic soda 
and directly extracted with ether. The product, obtained by eva- 
porating the ether, crystallised from absolute alcohol in almost white 
needles, m.p. 133°, yield 2g. (Found: N, 18°45. C,H,;N,Cl 
requires N, 18°38 per cent). 

The acetyl derivative was prepared by warming 4-chloro-3-cyano- 
aniline (1 g.) with acetic anhydride (3-4¢.c.) to complete solution 
(10 minutes) and pouring into water; it crystallised from alcohol 
in small white needles, m.p. 190°, yield 1g. (Found: N, 14°87, 
C,yH,ON,Cl requires N, 14°41 per cent). 

4-Chloro-3-cyanoaniline could not be hydrolysed by strong H,SO, 
or HCl, the sulphate (m.p. 200-2°) or the hydrochloride (m.p. 224-26°) 
of the amine being the only products formed. Even on boiling with 
aqueous or alcoholic potash the substance remained unchanged. 

2-Chloro-5-nitrobenzoic acid (cf. Rupe, Ber., 1897, 30, 1099).— 
Crude o-chlorobenzoic acid (Kodak’s technical, 20g.) was slowly 
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treated with strong H,SO, (40 c.c.) when HCl fumes were given 
off and the solid slowly dissolved. Nitric acid (d 1°4, 20 e.c.) 
was gradually added to this solution, cooled under the tap, with 
shaking and another 10 c.c. conc. HeSO, added. It was warmed on 
the water-bath for an hour, cooled and poured into cold water 
(500 c.c.). The precipitate crystallised from boiling water as white 
prisms, m.p, 164°, yield 10-12 g. 

The methyl ester was obtained by saturating with dry HCl at 
the ordinary temperature a solution of the acid (10 g.) in dry methyl 
alcohol (30 c.c.). The hot solution was cooled and again saturated 
with HCl gas and on leaving for 4 hours, the ester separated almost 
completely. The crystals were washed with 30 c.c. water and 65 c.c. 
N-NaOH. 10G. of the pure ester (m.p. 72°) were obtained. 


CoNDENSATIONS WITH AROMATIC AMINES. 
A. Chloro-2:4-dinitrobenzene. 


(i) With aniline: 2:4-dinitrodiphenylamine.—(a) A mixture oi 
chlorodinitrobenzene (2g.) and a slight excess of aniline (1°1 g.) 
was heated on the water-bath (10-15 minutes). The mixture was 
then dumped into cold water, the excess of aniline removed by 
washing with dilute HC! and the product crystallised from alcohol as 
shining orange needles, m.p. 158°, yield about 2°5 g. 

(b) Chlorodinitrobenzene (2 g.) was gradually added with shaking 
to aniline (1°5 g.) when cooling was produced and a clear red liquid 
resulted. After allowing to stand for an hour, the mixture was 
worked up in the usual way, m.p. 157-58°, yield 2°3 g. 

(ii) With o-, m- and p-toluidines.—The condensation of chlorodini- 
trobenzene (2 g.) with o-, m- and p-toluidine (1°3 g.) was effected as 
above by warming on the water-bath for half an hour. The products 
obtained in the usual way were crystallised from glacial acetic acid: 
2:4-dinitrophenyl-o-tolylamine (m.p. 118°), 2:4-dinitrophenyl-m- 
tolylamine (m.p. 160°) and 2:4-dinitrophenyl-p-tolylamine (m.p. 135°) 
were obtained. 


B. Chloro-2-cyano-4-nitrobenzene. 


(i) With aniline: 2-cyano-4-nitrodiphenylamine.—A mixture of 
chlorocyanonitrobenzene (2 g.) and aniline (1°6 g., about 14 mols.) 
was heated at 180° for #-1 hour. The clear dark-red liquid solidified 
on cooling and was freed from excess of aniline in the usual way 
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by triturating with very dilute HCl. The product crystallised from 
alcohol in clusters of lemon-yellow needles, m.p. 171°, yield 2. g. 
(Found: N, 17°76. C,;H ,O,N; requires N, 17 ‘57 per cent). 

(ii) With p-toluidine: 2-cyano-4-nitro-4'-methyldiphenylamine.— 
The condensation was effected in precisely the same manner as in 
the case of aniline by heating the mixture of chlorocyanonitrobenzene 
(2 g.) and p-toluidine (1°8 g.) in an oil-bath at 180-85° for an hour. 
The product, worked up as usual, crystallised from glacial acetic 
acid in shining yellow needles, m.p. 217°, yield 1°7g. (Found: N, 
16°93. C,,4H,,O_N, requires N, 16°60 per cent). 

(iii) With m-toluidine: 2-cyano-4-nitro-3'-methyldiphenylamine.— 
On repeating the experiment with m-toluidine exactly as in the pre- 
vious case, 1°5 g. of the product, crystallising from alcohol in small 
pale green crystals, m.p. 140°, are obtained. (Found: N, 16°78. 
C,,H,,0.2N, requires N, 16°60 per cent). 

(iv) With o-toluidine and methylaniline.—The above experiment 
was done with o-toluidine and methylaniline, but there was no con- 
densation, the chlorocyanonitrobenzene being recovered unchanged 
in each case. No better results were obtained even when the compo- 
nents were heated at 200° for 2 hours. 

(v) With p-chloroaniline : 2 cyano-4-nitro-4/-chlorodiphenylamine.— 
The mixture of chlorocyanonitrobenzene (2 g.) and p-chloroaniline 
(1°9 g.) was similarly heated at 190-195° for 1 hour. The product, 
after treatment in the usual manner, crystallised from acetic acid in 
bright yellow needles (11 g.), m.p. 282°. (Found: N, 15°52. 
C,3;Hg0_,N,Cl requires N, 15°35 per cent). 


C. 2-Chloro-5-nitrobenzoic Acid. 


(i) With aniline: 2-anilino-5-nitrobenzoic acid.—2-Chloro-5-nitro- 
benzoic acid (2 g.) and aniline (1°4 g.) were heated together at 140° 
for 20 minutes. The product was washed with dilute HCl and 
crystallised from acetic acid as pale yellow needles, m.p. 250°. 
(cf. Schopff, loc. cit.) 

2-Anilino-5-nitrobenzamide.—2-Chloro-}-nitrobenzamide (2 g.) and 
aniline (1°4 g.) were heated together at 160° for halfan hour. The 
product, purified in the usual manner, was crystallised from alcohol 
in shining yellowish-green needles, m.p. 190°, yield 1°7 g. (Found: 
N, 16°59. C,;,H,,03N, requires N, 16°34 per cent). 
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Methyl 2-anilido-5-nitrobenzoate.—Methyl 2-chloro-5-nitro-ben- 
zoate (2  g.) and aniline (1°4 g.) were heated together at 160° 
for 10-15 minutes. On cooling, the mixture solidified to a sludge 
of crystals, which became granular on stirring for a while with 
40 c.c. N-HCl. This was taken in a mortar, powdered with a 
little methyl alcohol and 2N-NaOH (1 ¢.c¢.) added drop by drop, 
when the whole thing was transformed into a mass of golden yellow 
erystals. The product crystallised from alcohol in golden yellow flat 
needles, m.p. 100°, yield 16g. (Found: N, 10°46. C;,H,.0,Ng 
requires N, 10°29 per cent). 

(ii) With o-toluidine : 65-nitro-2-0-toluidinobenzoic acid, (cf. 
Locher, loc. cit.) obtained in the usual way by heating together 
chloronitrobenzoic acid (2 g.) and o-toluidine (1°6 g.) at 160° for 
about half an hour, crystallised from alcohol in yellow needles, 
m. p. 254°. 

(iii) With p-toluidine : 6-nitro-2-p-toluidinobenzoic acid, (cf. 
Kahn, loc, cit.) obtained by heating the components at 140° for 20 
minutes, melted at 262°. 

(iv) With wm-toluidine :  5-nitro-2-m-toluidinobenzoic acid, 
prepared exactly as in the above case, crystallised from acetic acid 
in bright yellow needles, m.p. 266°, yield about 1°8 g. from 
2 g. of chloronitrobenzoic acid. (Found: N, 10°52. C,,4H,20,4No 
requires N, 10.29 per cent). 


CoNDENSATIONS WITH DIETHYLAMINE. 


2:4-Dinitrodiethylaniline.—To a solution of chlorodinitrobenzene 
(2 g.) in ethyl alcohol (10 c.c.) diethylamine (1 g.) was added and 
the solution refluxed on the water-bath for 20-30 minutes. On con- 
centraling, the product crystallised out, m.p. 81°, yield 12 g. 
Romburgh (loc. cit. ) obtained this product by leaving an alcohol- 
ic mixture of 1-bromo-2:4-dinitrobenzene and diethylamine undis- 
turbed for several hours. 

2-Cyano-4-nitrodiethylaniline.—Chlorocyanonitrobenzene (2 g.) 
was similarly boiled under reflux with diethylamine (1°2 g.) in abso- 
lute ethyl alcohol for 2-3 hours. The solution was concentrated and 
poured into water and the product crystallised from absolute alcohol 
in fine pale-yellow needles, m. p. 88°, yield 14g. (Found : N, 
19°41. C1},;H,30,_N, requires N, 19°18 per cent). 
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CONDENSATIONS WITH UREA. 






2 :4-Dinitroaniline.--Chlorodinitrobenzene (3 g.) was added in 
small quantities to molten urea (3 g.). at 160° with stirring. After 
heating for an hour the contents of the flask, when quite cold, were 
washed 3 or 4 times with warm water to remove excess of urea and 
the product crystallised from boiling water as bright yellow needles, 
m. p. 176°, yield about 2 g. (Found: N, 23°28. C,H,0,N, requires 
N, 22°95 per cent). 

2-Uramido-5-nitrobenzamide.—Chlorocyanonitrobenzene (3 g.) and 
urea (3 g.) were similarly heated together at 165-170° for 2 hours. 
After washing with warm water, the product was extracted with ace- 
tone and the substance, obtained on evaporating acetone, crystall- 
ised from boiling water in small orange-yellow needles, m. p. 198°, 
yield 15g. (Found: N, 2535. CgH,O,N, requires N, 25°0 per 
cent). 

2-Uramido-5-nitrobenzamide (5 g.) was heated with caustic potash 
(15%, 10-15 ¢.c.) just to boiling for half an hour, when ammonia was 
evolved. The clear liquid was acidified and the precipitate, after 
washing with a little hot water, crystallised from aqueous alcohol 
in golden-yellow needles, m. p. 264°. The product was identified 
with 5-nitroanthranilic acid prepared by the following method which 
was found to be more convenient and gave a purer product than that 
of Rupe (loc. cit.) who employed a mixture of nitric acid and 
sulphuric acids for the nitration. Acetyl anthranilic acid (1 g.) was 
added gradually to fuming nitric acid (d 1°5, 5 c.c.) with constant 
cooling. The clear liquid, after leaving for half an hour, was poured 
into water and the precipitate of 5-nitroacetylanthranilic acid (m. p. 
214°) was deacetylated by boiling with concentrated HC] for half an 
hour and the 5-nitroanthranilic acid crystallised from aqueous alcohol 
in shining yellow needles, m. p. 263°. 

Hydrolysis of 2-uramido-5-nitrobenzamide by vigorous boiling 
with 20% caustic potash yielded 5-nitrosalicylic acid (m.p. 229°). O-, 
m- and p-chloronitrobenzene did not react with urea. 




































CoONDENSATIONS WiTH Sop1IUM ETHOXIDE AND METHOXIDE. 






1-Ethory-2 :4-dinitrobenzene (m.p. 86°) and 1-methozry-2:4-di- 
nitrobenzene (m. p. 89°), (cf. Willgerodt, loc. cit., Maikopar, loc. cit.) 
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were obtained by refluxing chlorodinitrobenzene (2 g.) with sodium 
(0°25 g.) dissolved in absolute ethyl and methy! alcohol respectively 
for 20-30 minutes. 

1-Ethoxy-2-cyano-4-nitrobenzene (m.p. 101°) and 1-methozy-2- 
cyano-4-nitrobenzene (m.p. 128°) (vide Baudet, loc. cit.) were obtained 
when chlorocyanonitrobenzene (1°8 g.) was added to sodium (0°25 g.) 
dissolved in absolute ethyl and methyl alcohol respectively and 
refluxed for 1-2 hours. They were recrystallised from aqueous 
alcohol. (Found: N, 14°61. CygHgO;N, requires N, 14°58 per cent). 
(Found: N, 158. C,H,O3;N, requires N, 15°73 per cent). No 
reaction was found to take place when chloronitrobenzoic acid (either 
the free acid or the sodium salt) was similarly refluxed with 
sodium dissolved in absolute ethyl and methy! alcohol respectively 
for 4-5 hours, the unchanged acid being recovered in each case. 

On condensing sodium ethoxide and p-chloronitrobenzene exactly 
as in the previous cases, the reaction proceeded normally with the 
formation of p-nitrophenetole, m.p. 57°. A by-product was also 
formed which melted at 154° and was identified with pp’-dichloro- 
azoxybenzene. 

No definite product could, however, be isolated on repeating the 
experiment with o-chloronitrobenzene. 


Condensations with Sodiomalonic Ester, Sodio-acetoacetic 
Ester, etc. 


2:4-Dinitrophenylmalonic ester (m.p. 52°) and 2:4-dinitrophenyl 
acetoacetic ester (m.p. 83°) (cf. Reissert and Heller, Ber., 1904, 87, 
4364) were obtained by adding chlorodinitrobenzene to a solution of 
ethyl malonate and ethyl acetoacetate (2 g.) in alcoholic sodium 
ethoxide ("25 g. sodium) and refluxing for 2-3 hours. The products 
were crystallised from alcohol. 
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Diamagnetism of Bismuth and Antimony in the 
Colloidal State. 


By Moutk Ras Verma AND RAM Narain Mataor, 


Soon after the publication of Vaidyanathan’s work, (Indian J. 
Phys., 1980, §, 559), which showed that the diamagnetic suscepti- 
bility of bismuth, antimony and graphite decreases on powdering, 
Bhatnagar (J. Indian Chem. Soc., 1980, 7, 957) pointed out that the 
absence of impurities in the form of oxide or sub-oxides of the ele- 
ments in question, particularly bismuth and antimony, and the 
absorbed gases must be made sure of, before accepting any effect of 
mechanical colloidisation on diamagnetic susceptibilities. Mathur 
and Verma (Indian J. Phys., 1931, 6, 181) devoloped this view and 
showed that the original value of bismuth can be regained if the oxides 
are suitably removed. The same point was emphasised about anti- 
mony later (Proc. Ind. Sci. Congress., Chem. Sec., 1932). Rao 
(Indian J. Phys., 1931, 6, 241) claimed that below a definite size 
corresponding with the size of the macrocrystal* a rapid change in 
the susceptibility of bismuth ensues. Vaidyanathan and others too 
have stressed the same point on the susceptibility measurements of 
chemically prepared gold (Vaidyanathan and Singh, Nature, 1931, 
128, 302) and silver sols(Vaidyanathan and Puri, ibid., 1982, 129, 
170). It seems, however, that in trying to get rid of the oxide 
impurity, Rao has forgotten that impurities in the form of carbonates, 
bicarbonates, etc., can also be obtained if the powdering is done 
under-water (Mellor, ‘‘Treatises on Inorganic Chemistry”’, Vol. IX, p. 
626), as has actually been done by him. With a view to avoid 
contamination due to these impurities, bismuth has been reinvesti- 
gated, the powdering being done under liquid paraffin, for particle 
sizes much smaller than those reported in our communication al- 
ready referred to. Antimony has also been investigated along the 
same lines as bismuth, as it also exhibits magnetic anisotropy. 
Another point of interest which made us undertake this work is that 


* Quoted by Rao, 
9 
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antimony is capable of being oxidised very easily. It is very pro- 
bable, therefore, that oxidation has a good deal to do with the 
observed decrease in the susceptibility obtained by Vaidyanathan 
and Rao (loc. cit.), for the lowest size (150uu) reached by the form- 
er is not so low as to be able to affect the lattice electrons encircling 
a larger number of atoms as put forward by Ehrenfest (Physica, 
1925, 5, 388). The changes observed on powdering in the case of 
bismuth and antimony are capable of a satisfactory explanation on 
chemical grounds only as shown by the results of the investigation 
described below. 














EXPERIMENTAL. 







Bismuth was powdered in the first stages under liquid paraffin 
and Jater under benzene to check oxidation as much as possible. 
Particles were graded out into different sizes by shaking the paraffin- 
free powders with benzene and removing the layers settling down at 
different intervals of time. The sizes were determined by means of 
a Leitz high magnification power microscope and the magnetic sus- 
ceptibilities by means of a torsional balance of the Curie-Wilson 
type. The powders were also investigated after removing the oxide 
impurity by means of tartaric acid and the values so obtained are 
placed in the tast column of the following table for the sake of 










comparison. 






TABLE I. 





Magnetic susceptiblity x 10-6 





Substance. 











Before removing After removing 
the oxide. the oxide. 


—1'27 






Bismuth 











Coarse powder (1u—1°2) —0°84 _197 






Fine powder (0°7«) —0°72 —1°233 
Investigation on antimony was divided into the following 


parts : 






1. Powdering the metal in air for different intervals of time 
and investigating the samples so obtained along with the coagula 
obtained by sparking between the metal electrodes under conduetivity 
water. 
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2. Detecting and estimating the oxide purity. 

3. Removing the oxide impurity and investigating the samples 
magnetically. 

4. Powdering the metal under inert liquids to check oxida- 
tion and to reinvestigate the samples. 

The results obtained under different heads are described below 
in the above order. 

1. Powdering the metal at different intervals.—Antimony was 
powdered in a well-polished agate mortar and powdered samples were 
collected at different intervals of time. The coagulum was obtained 
by sparking between the metal electrodes and coagulating by 
exhaustive cataphoresis. 














TABLE II, 


Current=1 Amp. Initial reading on the torsion head=128°"0’. 









Magnetic . 
susceptibility Particle 
x 10-6, = 





; Final Torsion 
Substance. Wt. reading. given. 





81Ze. 












Water 0°1000 g. 238° 19’ 110°*19’ —0°72 








Capsule 1°7480 208°*48" 80°"48’ 






Antimony metal  0°1000 241°°3’ 113°°8’ —0°812 
—0°568 






Powder No. 1. 0°1000 231°"24’ 1€3°24’ 














0°1000 229°°20° 101°°20’ —0°616 











» No 0°1000 928°°42’  — 100°"49" —0°499 15 










228°°39" 100° 39’ —0°498 













Coagula see rt eee —0°579 eee 









It is clear from the above table that the diamagnetism of anti- 
mony goes on decreasing with the particle size. The rate of decrease, 
however, becomes negligibly small when the particle size reaches 
1‘5u. Further powdering, therefore, appeared unnecessary. The 
smallest value for the diamagnetism of antimony obtained by 
Vaidyanathan is —0°536 x 10-*. The value for the last powder in the 
above table is a little less, but our value for the coagulum is 
considerably higher than that obtained by Vaidyanathan (loc. cit.). 













324 M. R. VERMA AND Rt N. MATHUR 


2. Detection and estimation of the oxides.—The presence of the 
oxides of antimony in the powders was determined as follows and is 
based upon the well known fact that whereas antimony metal does 
not dissolve in dilute hydrochloric acid, all its oxides are soluble 
therein. A small amount of the powder was, therefore, boiled with 
dilute hydrochloric acid, filtered and the filtrate was tested for 
antimony by the usual test with hydrogen sulphide. In every case a 
thick orange precipitate of antimony sulphide was obtained, proving 
beyond doubt, that the samples contain the oxides of the metal as 
impurity. In order to estimate the amount of this impurity in the 
sample, an attempt was made to remove the oxide completely by 
boiling with hydrochloric acid. It was then discovered that the oxide 
is rather tenacious and leaves the metal with great difficulty and 
so even on successive boilings with dilute hydrochloric acid could not 
be removed completely. A direct estimation of the antimony 
content of the samples, by the method given below was, therefore, 
resorted to (Scott, ‘‘Standard Methods of Chemical Analysis’’, Vol. 
I). It is known that nitric acid oxidises antimony from trivalent to 
pentavalent type, which then reacts with potassiutn iodide to liberate 
iodine according to the reaction : 


and this amount of iodine liberated can be estimated by titrating 
against sodium thiosulphate : 
Ig + 2NagS.0,;—>Nag5S,0, - 2Nal 


Equal quantities of the powders (0°1 g.) were in each case, 
therefore, dissolved in a mixture of hydrochloric acid (10 c.c.) and 
concentrated nitric acid (1 ¢.c.). Excess of nitric acid was boiled off 
and the sides of the flask thoroughly rinsed with 1:1 dilute hydro- 
chloric acid. The whole volume was made up to 60 c.c. by adding 
distilled water and 3 c. c. of 20 % potassium iodide solution. This 
was then titrated against standard thiosulphate solution, the end 
point being noted by the disappearance of the red colour from CS, 
already added to the solution. For the success of experiment it was, 
however, necessary to keep the solution very cold during all this 


interval. 
The concentrations of the various samples tried in terms of 


antimony are given below. The samples are the same as those tried 
in Table IT. 
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TABLE ITI. 


Sodium thiosulphate soln. conc. =0°09024N. 


Substance Wt. NagS20; soln. Sb content. Sb in 
the samples. 

Antimony 0°1000 g. 18°45 c.c. 0°1000 g. 100°0% 
Powder No. 1 0°1000 17°5 0°0948 94°8 
» No.2 0°1000 17°0 0092 92°0 
» No.3 0°1000 16°8 0'0918 91°0 
» No.4 071000 16°77 0°0908 90°8 
Coagula 0°1000 17°0 0°0920 92°0 


From the data given in Table II it is clear that the diamagnetic 
susceptibilities of the powders tend to be constant when the particle 
size reaches lu. If this fall in diamagnetism is due to the impurity 
of the oxides in the powders, the antimony content of the samples 
should also tend to be constant at the particle size lp. This is 
exactly what is found to be, the antimony content of the powder 
No. 3 in the above table is very nearly the same as that of the 
powder No. 4. 

3. Removing the oxides from the powders and reinvestigat- 
ing the samples so obtained magnetically.—As given before, it is 
well known that whereas the metal itself does not dissolve in dilute 
hydrochloric acid, all its oxides are soluble therein. Hence in order 
to get rid of the oxides the powders were boiled with dilute hydro- 
chloric acid and filtered and the process continued until the washings 
gave no test for antimony. The purified samples were then finally 
washed with extra pure acetone and left to dry in vacuum. When 
perfectly dry, they were reinvestigated magnetically and the results 
obtained are given in the Table IV. In order to facilitate com- 
parison, the values of x for these samples before freeing them from 
the oxides are also given in the last column. 


TaBLe IV. 
Magnetic 
Magnetic _susceptibil- 
Substance. Wt. Final Torsion susceptibil- ity before 
reading given. ity x10-% removing 
the oxide. 
x 10-6, 
Antimony 0°1000 g. 242°.16’ 114°.16" = 0°841 —0'812 
Powder No. 1 0°1000 241°.57’ 118°.57’ —0°834 —0°568 
No. 2 0°1000 241°.54’ =: 118°.54’ —0°823 —0°516 
» No.3 0°1000 241°.0’ 113°.0 —0°810 —0°499 
i» were 0°1000 240°.4’ 112°.4 —0°805 —0°498 


Coagula —0°815 —0°629 
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It is clear from the above table that the powders practically 
regain the value for metal crystals after being boiled with hydro- 
chloric acid, in which the oxides of antimony are soluble. This 
crucial test leaves no room for doubt that the observed fall in the 
diamagnetism of antimony is almost completely due to the oxide 
impurity. The fact that the powders do not exactly regain the 
value for metal crystals can easily be accounted, for on a visual 
observation it isseen that the surface of antimony crystals loses its 
metallic lustre even on almost an instantaneous exposure to the 
atmosphere. At small particle size, the surface increases very con- 
siderably and obviously surface oxidation shall affect the results 
appreciably. 

4. Powdering under inert liquids.—If the oxide is formed by 
powdering in air, it is obvious that much less of it shall be obtained 
if the powdering is done under an inert liquid. The samples, there- 
fore, should be much more diamagnetic than those obtained in air 
for the same particle size. So the powdering was done under liquid 
paraffin and the samples so obtained were washed free of paraffin 
by means of ether and dried in vacuum. They were later on 
magnetically investigated and the results are given in the following 
table. 


TABLE V.! 
Initial reading = 123°°0’. Current=1 Amp. 
Substance. Wt. Final reading. Torsion applied. Magnetic Particle 
—” size. 

Water 0°1000 g. 254°°33’ 131°33’ —072 
Capsule 1°7480 219°°0’ 96°6’ 
Antimony metal 0°1000 257°°18" 134°18’ — 0808 
Powder No. 5 0°1000 255°°8’ 182°8’ — 0758 

» No.6 0°1000 2538°°18’ 180°18’ —0714 Qu 


For the sake of comparison all the values of x that have been 
obtained are plotted against the particle size in the accompanying 
graph. The curve for the samples powdered under liquid lies above that 
obtained for the samples powdered in air, and the one for the samples 
washed free of the oxide lies almost parallel to the x axis, which 
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proves beyond doubt that the observed fall in the diamagnetism is 
due to the formation of oxide impurity. 





oer 


ov7F 


O6T 





O5T 


Magnetic susceptibility—x x 10-8, 


O4F 





— = 





1 2 3 4 5 6 
Sizes 4p —> 


I—Sb powders ; II—Sb powdered under water ; III—Sb (oxide removed). 
SuMMARY AND Discussion oF RESULTS. 


The results arrived at in the course of this investigation lend 
further support to the view put forward by Bhatnagar and developed 
by us in our previous communication, that practically the whole of 
the observed fall in the diamagnetism in the case of these metals is 
due to the formation of oxide impurities formed during the process of 
powdering employed for colloidisation. Bismuth metal, as shown in 
Table I acquires almost completely the regulus value of susceptibility 
after a complete removal of the oxide impurities. Antimony also 
shows the same value in the finely divided state as in the massive 
condition. We might, therefore, conclude that the magnetic suscep« 
tibility in the case of these metals is practically independent of the 
particle size. This view has recently been supported by the work of 
Lane (Nature, 1932, 130, 999) in the laboratory of Professor Gerlach, 
who has shown that the mass susceptibility of bismuth in the form of 
thin films ranging from 0°2u to 15 has almost the same value as the 
metal itself. It seems, therefore, that there are still some impurities 
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left behind in Rao’s samples, (loc. cit.) which are responsible for a 
persistently low value obtained by him. Another possible explana- 
tion is suggested by the recent work of Seemann and Kussmann 
(Naturwiss., 1931, 19, 309) to explain the effect of cold working on 
the susceptibility. The process of powdering may be regarded as 
akin to cold working and in this process probably some ferromagnetic 
impurities crystallise cut resulting in a decrease in the magnetic 
susceptibility. Melting the coagula as Rao (Nature, 1932, 129, 545 ; 
Indian J. Phys., 1932, 7, 35) has done, would render these impurities 
inactive resulting in an increase in diamagnetism. As suggested by 
Lane this point may bechecked up by measuring the susceptibility 
of each powder under the influence of various field strengths which 
would be able to give us a valuable information with regard to the 
above point. 

Absorption and adsorption of gases have recently been shown to 
affect profoundly the magnetic properties of a-manganese and it is 
just possible that this phenomenon plays a very important role at 
vanishingly small particle sizes in the case of these metals and it 
may be that the increase in susceptibility obtained by Rao on melt- 
ing the coagula is due to the liberation of entrapped gases. Further 
work has therefore been undertaken in this laboratory in connection 
with the behaviour of metals at low particle sizes and the results 
arrived at shall be submitted for publication shortly. 

Our thanks are due to Prof. S. S. Bhatnagar for his very kindly 
helping us in the course of this investigation and to the Punjab 
Chemical Research Fund for the award of scholarships to the authors 
which has made this work possible. 
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Studies in the Kinetics of the Coagulation of Colloids. 
Part VY. The Variation of Viscosity during 
Coagulation. 


By SHripgar SarvoTTaM Jos AND K. S. ViswaNatTa. 


The work of Miyazawa (J. Chem, Soc., Japan, 1912, 38, 1179), 
Freundlich and Ishizaka (Trans. Faraday Soc., 1913, 9, 66), Wo. 
Ostwald (ibid., p. 34), Pauli (ibid., p. 64), Gann (Koll. Chem. Beih., 
1916, 8, 65), Smoluchowski (Kolloid Z., 1916, 18, 190), and numerous 
other workers, has shown the marked utility of viscometric observa- 
tions in the kinetic studies of coagulations. The interesting work, 
especially of Freundlich (loc. cit., cf. also Freundlich, ‘‘Colloid and 
Capillary Chemistry, Eng. Trans., 1926) and of Gann (loc. cit.), has 
been the chief and earliest evidence for autocatalysis in the coagula- 
lation of colloids. Evidence was, however, adduced in the previous 
papers in this series (J. Indian Chem. Soc., 1931, 8, 11, 337; 1932, 9, 
157, and especially the P. C. Riy Commemoration Volume of Indian 
Chem. Soc., pp. 41-52) to show that though prevalent under certain 
conditions, autocatalysis can not be considered as a general character- 
istic of the coagulation phenomenon. It is also of interest to observe 
that practically all the systematic work on the viscometric examina- 
tion of the kinetics of coagulation is restricted to lyophilic sols. The 
following work was, therefore, undertaken to extend the above line of 
work to lyophobes, and especially to examine what support can be 
given to the view mentioned above regarding the nature of the coa- 
gulation process. This has been studied here in the case of arseni- 
ous sulphide and gelatine and their mixtures when coagulated by 
differently concentrated solutions of potassium chloride. 


EXPERIMENTAL. 


A review of the literature shows that practically all the previous 
work on the viscometric examination of the kinetics of coagulation 
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was carried out by the use of the Ostwald’s viscometer. This re- 
quires a knowledge of the transpiration time of the liquid and the 
corresponding density. Now the measurement of the last quantity 
is rather inconvenient in the case of a coagulating sol. Unfortunate- 
ly, this determination is absent in the majority of papers on the vis- 
cosity changes of coagulating sols, which detracts at any rate from 
the precision of the interpretation of the viscosity term applied to 
such data. A convenient method in such cases is the one due to 
Scarpa (Gazzetta, 1910, 40, 271; cf. also Farrow, J.Chem. Soc., 1912, 
101, 347) ; this does not necessitate a knowledge of the density of 
the liquid. This method was, therefore, adopted with modifications, 
described in the sequel, which add appreciably to the precision of 
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measurement. A suitable quantity of water from the aspirator A, 
was let out in B (Fig. A). The pressure diminution thus produced is 
observed on the manometer M, and communicated to the pipette P 
by opening the tap T,, T, being closed. t,, the time for the liquid to 
rise between two marks made on P under this suction was noted. T, 
is then closed and T, opened. This connects P with the atmosphere 
through a quantity of glass wool, kept at W inorder to avoid dust,etc., 
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from entering the apparatus; the liquid in P therefore begins to fall. 
This time fy similar to t, is noted, 7 the viscosity is then given by 


t,. t 
oe 8a 
1 1, +h. 


where K, a constant, is determined from a knowledge of t, and 
to for a liquid like water for which » (0°7225 centipoise at 35°) is 
known. The aspirator A, connected with Ag is rather convenient 
in order to replenish water in the latter. The use of stop-cocks 
T, and T, well lubricated with good vacuum grease, instead of pinch 
cocks, added greatly to the reproducibility of results, and specially to 
an accurate adjustment of the pressure in A,, prior to the observation 
of t,. This precaution appears to have been neglected by previ- 
ous workers. 

Majority of the experiments were made with the arsenious sul- 
phide sol. It was prepared, and its colloid content determined, as 
described in Part I (J. Indian Chem. Soc., 1981, 8, 11). The last 
quantity in all the experiments (except those to which Fig. 5 refers) 
was 4°5 g. of As»8, per litre in the coagulating mixture. Coagulations 
were also studied where the above colloid was protected by different 
concentrations of gelatine solutions. These were prepared by soaking 
in distilled water weighed pieces of gelatine cut from pure sheet. 20 
C.c. of the colloid and 10 c.c. of one of the gelatine solutions were 
mixed and allowed tostand for 15 minutes. To the mixture was then 
added 10 c.c. from variously concentrated solutions of potassium 
chloride and the viscosity determined at successive intervals during 
the progress of coagulation. These results have been shown graphi- 
cally in Figs.3 and 4 (cf. also Tables III and IV). Figs. 1, 2 and 5 
(also Tables I, II and V) refer respectively to viscosity variations when 
only the arsenious sulphide sol, and gelatine solutions were mixed 
with solutions of potassium chloride. The temperature of the ther- 
mostat was maintained at 35° in all the experiments. Stirring was 
discontinued during observations of t; and t,. Concentrations of the 
electrolyte added were such as to have the coagulation prolonged 
over a fairly wide time period. Observations of viscosity were dis- 
continued as soon as flocculation (that is, the formation of just visi- 
ble heterogeneities consisting of coagulated particles tending to depo- 
sit a fine film on the inside of the pipette P in Fig. A) sets in. During 
the course of this work it was observed that immediately after the 
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start of the coagulation, the viscosity—coagulation time curve almost 
always showed a minimum. Since this phenomenon does not appear 
to have been studied previously, it has been investigated here in 
some detail. The data given in Tables I—IV were read off the 
corresponding curves in Figs. 1—5. 


concentration with the time interval up 


Fig. 6 relates the coagulator 


to the 


attainment of the 


first minimum mentioned above from the start of coagulation. 


Tasie I (cf Fig 1). 


Colloid used= Asy S;. 


b> gs 
‘eo 
3 3 Ss ae 
a ga 
2 . 2 g 89 
2 S i 6 #4 
g 2 2s 
5 ‘a . =” 
i i 2 g 
a 6 
ia 
Curve n ™ 
No, ; ‘ 
1 N/16 0°744 Q°732 13 
2 N/16°6 0°744 0O°782 11 
3 N/17°4 0°737 0°727 11 


per cent. 


Viscosity diminution in 


1°6 
14 


. 


Final observed viscosity. 


3 


1°27 


Time corresponding to 
ny ip mins. 


130 


0°98 136 
1°60 185 


TaBLE II (cf. Fig. 2). 
Colloid used=Asg 83. 


4 N/17°7 = 0°743-—-0°729 


5 N/18°2) 0°7388 = 0°727 


€ N/19 0°737 |=0°723 


7 N/20 0°737 + 0°732 


19 


27 


19 


15 


18 


0°752 


0°805 


0-731 


180 


225 


Remarks. 


Flocculation commenced 
after this 


Do 


No flocculation ; 7, 
after 24 hrs. 0°789 


No flocculation ; 7, 
after 24 hrs. 0°839 


No flocculation ; 7, 
after 24 hrs. 0°752 


No flocculation ; 7, 
after 24 hrs. 0°839 
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Colloid used= As28, protected by 0°C25%, gelatine. 


Initial viscosity. 


0°748 


0°750 


0°746 


0°745 


0°743 
0°785 


First minimum viscosity. 


0°739 


0°738 


0°739 


0°738 
0°779 


TaBxe III. 


ime corresponding 
to n.. 


10 


10 
11 
ll 


Viscosity diminution in 


1 


0 


per cent. 


or 


‘1 


8 


o7 


08 


Final observed viscosity. 


1, 
0°838 


0°875 


1°28 


119 


0°758 
0°958 


to 1,;. 


Time corresponding 


HM 


400 


230 


300 


166 
180 


TaBLe IV (cf. Fig. 4). 


Remarks. 


Flocculation just percep- 
tible after about 50 mins. 


No flocculation ; 
after 20 brs. 1°11 


Flocculation just percep- 
tible after 23 brs. after 
23 hrs. 2°58 
No flocculation 
Do 


Do 


Colloid used= Asg 8S; protected by 0°05% gelatine. 


0°779 


0°755 


0°766 


0°741 


0°749 
0°749 


0°729 


11 17 0°767 
12. 19 0°748 
TABLE V. 

12 O7 0°748 
2612 — 
2 12 — 


125 


251 


No Flocculation. _ 
n rises to 0°847 after 24 
hours 


No flocculation ; 
n becomes practically 
constant 


n fluctuates about 
a mean values after 
initial fall 

Do 


Nos. 16 and 17 refer to As,S3 sol protected by 0°1% gelatine and No. 18 by 0°05% 


E p 

7) 

5 8 

2s 5 

“_ MM 
Curve 

No. 

8 N/10 

9 N/11'1 
10 N/11'4 
ll N/11°7 
12 N/12°5 
13 N/13°3 
14 N/10 
15 N/13°3 
16 N 

17 N/2 
18 N/2 
gelatine. 


Discussion. 


These results show that the rise of viscosity during the period 
observed diminishes rapidly, e.g., from about 70% in 130 minutes 
to about 1% in over 200 minutes, as the concentration of the coa- 
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gulator is reduced from N/16 to N/20 (cf. Tables I, II; curves 1, 7, 
Figs. 1 and 2). This result is in agreement with the known profound 
influence of changes in the concentration of the coagulator upon the 
rate of coagulation in the region of the slow coagulation. Although 
sufficiently numerous and strictly comparable data are not available 
it would appear that lyophilic sols do not show so great a sensitivity 
to changes in the concentration of the coagulator. This deduction 
is supported by the results of Freundlich and Ishizaka (loc. cit.) 
for the coagulation of such a typical lyophilic sol as aluminium 
hydroxide produced by potassium salicylate solutions in the range, 
5 to 10 millimols per litre, and also those obtained in this work 
(cf. Tables III, IV). 


Fie. 1. 


Viscosity. 





Time in min. 
The coagulator conc. for curves 1, 2, 3 were N/16, N/16°6, N/17°4-KCl 


respectively. 
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Fie. 2. 


Viscosity. 





Time in min, 
The coagulator conc. for curves 4,5,6 and7 were N/17°7, N/18'2, N/19 and 
N/20-KCI respectively. 


It is interesting to note from curves 1—5 in Figs. 1 and 2 that soon 
after a small initial fall, the viscosity increases markedly after an 
appreciable period of a comparatively marked low rate of changes. As- 
suming tentatively that in the main, viscosity and coagulation change 
together and in the same sense, this might be ascribed to autocatalysis 
which oridinarily is the acceleration of the rate of a chemical reaction 
by the accumulation of the products of the reaction. Its mechanism 
in the present type of changes is generally considered to be the 
coagulum praticles serving as nuclei for further coagulation. These 
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Fio. 8. 


Viscosity. 


*720 
& 40 120 200 
Time in min. 
The colloid was protected by 0°025% gelatine sol. The coagulator conc. for 
curves 8, 9, 10, 12 and13 were N/10, N/11°1, N/11°4, N12°5 and N/13°3-KCI res- 
pectively. 





curves also show that the period after which the coagulation rate 
becomes large, tends to increase as the concentration of the coagulator 
is diminished. At still higher dilutions (cf. curve 4, and also curves 
6, 7, Fig. 2) the above period would appear to cover practically the 
entire time of observation; the final value of viscosity in these 
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coagulations is but slightly higher than the initial one. This slow 
rising section of the curve is not so conspicuous in most of the 
coagulation—time curves in Figs. 8 and 4 which show the influence of 
different proportions of gelatine in the coagulating mixture. This 
might be ascribed either to the higher concentration of the coagulator 
used, or to the presence of the protector, or what is more probable, 
to both these factors. 


Fig. 4. 


Viscosity 





O'S 


Time in min, 
The colloid was protected by 0°025% (curve 11) and 0°059% gelatine (curve 
14—15). The coagulator conc. for curves 11, 14 and 15 were N/11'7, N/13°3 and 
N/10-KCI respectively. 


2 
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Fig. 5. 


Viscosity. 


3 





Time in min. 


Coagulation of gelatine solution, 0.1% for curves 16 and 17 and 0°05% for 
curve 18, Coagulator conc. for curves 16—18 were N/2, N. and N/2-KC1 respectively. 


Two features of some interest are noticeable from curves in 
Figs. 1—5. The first is the almost invariable initial diminution of 
viscosity and second, the fact that in practically no case does the 
viscosity rise smoothly during the progress of coagulation. Both 
these facts militate against the use of viscosity as a quantitative 
measure of coagulation at any rate with low concentrations of the 
coagulator. Accuracy of the experimental arrangement used here, 
and the number of observations taken indicate that the non-uni- 
formities and breaks on these curves can not be ascribed to experi- 
mental error. In our opinion, these suggest that coagulation, 
especially in the slow region, is a complex process in which the 
particles undergo a succession of changes, presumably both as to 
their size and nature. This would appear to be the main reason 
for the breakdown of the Smoluchowski’s theory (Z. physikal. Chem., 
1917, 92, 129), or its simple extension based on the assumption that 
coagulation is but a continued coalescence of particles discharged 
initially completely, or partially. 

It is probable, for instance, starting with a certain number of 
primaries mixed with the electrolyte, the formation of agglomerates 
through successive coalescence might prevail as the main process 
producing the viscosity change in a certain sense during the given 
period. Now, after this period the agglomerates might suffer a 
breakdown due (i) to instability induced as a result of the attain- 
ment of a certain size and structure during the coalescence, or (ii) by 
the action of similarly charged ions. This will produce a viscosity 
change in a direction opposite to what happened just previously. 
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Observed over a prolonged time, the operation of the two sets of 
factors mentioned above will produce mainly fluctuations on the 
coagulation—time curve. Evidence was cited in a previous paper 
(Joshi and Joga Rao, J. Indian Chem. Soc., 1933, 10, 273) that 
viscosity is particularly susceptible to even such alterations in a 
colloid as might be missed for example by the familiar turbidity 
method of observing coagulation. In coagulations due to higher 
concentrations of the coagulator, velocity of the change is so great 
that the coalescence process passing through the formation of agglo- 
merates ends only with precipitation which oridinarily is an irrever- 
sible process. It follows, therefore, that fluctuations in the 
sense described above are to be anticipated only when dilute solutions 
of the coagulator are employed. A comparison of curves 6, 7 in 
Fig. 2, curves 14, 15 in Fig. 4, and 16, 17, 18 in Fig. 5 with the rest 
illustrates clearly the above possibility. It might be observed 
incidentally that the above suggestion, regarding the nature of 
possible conditions under which there is no net advance in the 
coagulation, might also explain results in connection with the 
‘Bodlinder’s limit.’ 


Fic. 6. 


Interval. 





Coagulator conc. 


The intial diminution of viscosity observed in practically all the 
coagulations varies in the range from 0°7 to 1°9% of the initial 
viscosity of the colloid (cf. Tables I—V). It is interesting to note 
that the time reckoned from the start of coagulation up to the 
occurrence of this fall of viscosity is roughly constant for a given 
series of coagulations. It is also of interest to note from Fig. 6 that 
the interval during which viscosity remains at, or below the first 
minimum, rises rapidly with the dilution of the coagulator, and would 
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tend to be infinitely large for very low dilutions, presumably corres- 
ponding to the ‘Bodlinder’s limit’ for the colloid used. This initial 
diminution must be regarded as distinctive of at least one of the stages 
constituing the progress of coagulation at any rate in the slow region. 
Whilst it has not been possible so far to obtain a complete elucidation 
of this phenomenon, it is important to mention that this intial fall 
of viscosity, and the occurrence of fluctuations, (the latter under 
conditions mentioned in the above discussion, the coagulation being 
measured by different means) have been found to be features of 
almost universal occurrence in diverse coagulating systems in slow 
region. A discussion of these results is reserved for a later com- 
munication. 


SuMMARY. 


Slow coagulations of simple arsenious sulphide sols and when 
protected by different amounts of gelatine, as well as of pure gelatine 
sols of different strengths. due to potassium chloride solutions in 
the range N to N/20 have been examined by measuring the visco- 
sity of the coagulating system. The coagulation—time curves show 
some or all of the following three characteristics: (i) The viscosity 
shows an initial diminution (up to a maximum of about 1°9% ), 
the corresponding time being roughly constant in a given series of 
coagulations. (ii) The next section of the curve rises slowly at first and 
then rapidly, indicative of autocatalysis. (iii) The last feature is 
absent for high as well as for very low concentrations of the coagula- 
tor. Under the last factor, subsquent to (i) the coagulation—time 
curves show only periodic fluctuations without an appreciable net 
increase of viscosity, for which an explanation has been suggested. 


Tae CHemicat LABoRATORIES, 
Benarts Hinpu Unversity, Received May 10, 1933. 
BEnARES. 











Experiments on the Synthesis of Santenone. Part I. 
A Synthesis of Homosantenic Acid. 


By Suresa CHANDRA SEN-GUPTA. 


1-Santenone (IX) occurs in Indian sandalwood oil (Schimmel’s 
Report, 1910, Oct., p. 98) and the inactive form has been prepared 
by Semmler and Bartellt (Ber., 1907, 40, 4467) by the oxidation of 
m-norborneol with chromic acid and also by Aschan (Ofvers. Finska 
Vet. Soc., 1910, 88 A, No. 8, p.17) by the oxidation of sentene 
with potassium dichromate-sulphuric acid mixture, the latter reac- 
tion involving a Wagner rearrangement. 

The constitution of santenone has been established by its 
oxidation to ‘santenic acid (X) recently synthesised by Komppa 
(Ber., 1932, 65, 1710). No work on the synthesis of santenone 
has as yet been attempted. The present investigation has been 
undertaken with a view to synthesise the ketone and this has been 
attempted following Ruzicka’s synthesis of fenchone (Ber., 1917, 
50, 1362). 

Ethyl levulinate and ethyl a-bromopropionate were condens- 
ed by Reformatsky’s reaction giving the lactone of ethyl ~- 
hydroxy-a8-dimethy! adipate (I), which was converted into the cyano- 
ester (II) by means of potassium cyanide and the latter on hydrolysis 
and esterification by the alcohol vapour method gave ethyl of-dime- 
thylbutane-a85-tricarboxylate (III). This tricarboxylic ester by the 
application of Dieckmann reaction with molecular sodium was con- 
verted into ethyl 2 :3-dimethylcyclopentanone-3 : 5-dicarboxylate (IV), 
the latter on hydrolysis gave 2:3-dimethylcyclopentanone-8-carboxy- 
lic acid; the ethy! ester (V) of this keto acid condensed with bromo- 
acetic ester in presence of zinc giving the hydroxy ester (VI). This 
on dehydration with phosphorus oxychloride gave the unsaturated 
dehydrohomosantenic ester (VII) which on reduction and hydrolysis 
yielded homosantenic acid. Work is in progress on the synthesis of 
— by the distillation of the lead salt of homosantenic 
acid. 
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CN COsEt 
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EXPERIMENTAL. 


Lactone of ethyl B-hydroxy-aB-dimethyladipate (I).—Ethyl] levuli- 
nate (108 g.), ethyl a-bromopropionate (137 g.) and zinc wool (50 g.), 
diluted with dry benzene (250 c.c.) were heated on the water-bath 
till the exothermic reaction commenced. When the brisk action sub- 
sided, the reaction was finally completed by heating on the water- 
bath for 1 hour; the product was decomposed with ice-cold dilute 
sulphuric acid, the benzene layer separated, washed with caustic soda 
solution and water, dried with calcium chloride, benzene removed, 
when the lactonic ester distilled as a thin colourless oil, b.p. 148-49°/8 
mm., yield 99 g. (Found: C, 59°7; H, 81. C,9H,¢0,4 requires 
C,60°0; H, 8°0 per cent). 

Ethyl aB-dimethylbutane-a8-tricarborylate (III).—The lactonic 
ester (90 g.) and finely powdered potassium cyanide (43 g.) were 
heated under reflux for 10 hours at 200-20°. The brown reaction pro- 
duct was hydrolysed by heating with 250 c.c. of concentrated hydro- 
chloric acid for 10 hours. The solution was evaporated on the water- 
bath almost to dryness, the residue thoroughly extracted with ether, 
dried, ether removed. Through a hot solution of the residue in 
absolute alcohol (200c.c.) and concentrated sulphuric acid (25 c.c.) was 
passed alcoholic vapour from 2 litres of alcohol. The alcohol was dis- 
tilled off, the solution diluted with water, extracted with ether, dried, 
ether removed and distilled. Repeated fractionation of the portion 
collected at 130-160°/5mm. gave 40 g. of theester at 147-52°/5mm. 
It is a light-coloured thin liquid. (Found: C,59°3; H, 8°7. C;,;Hog0, 
requires C, 59°6; H, 8°6 per cent). 

Ethyl 2:3-dimethylcyclopentanone-3 :5-dicarborylate (IV) was 
prepared by heating the tricarboxylic ester (35°5 g.) with molecular 
sodium (3°5 g.) in dry benzene (150 c.c.) for 1 hour on the water- 
bath, whereby the sodium quickly dissolved. The light-coloured 
clear liquid was cooled, decomposed with ice, shaken with dilute 
sulphuric acid and the benzene extract washed, dried, benzene 
completely removed and distilled, when it collected at 145-50°/5 mm. 
It gave strong ferric chloride coloration, yield 20g. (Found: 
C, 61°0; H, 7°9. C,3;He oO; requires C, 60°9; H, 7°8 per cent). 

2 :8-Dimethyleyclopentanone-3-carborylic acid was prepared by 
heating the foregoing keto-dicarboxylic ester (20 g.) with con- 
centrated hydrochloric acid (35 ¢.c.) and water (100 c.c.) for 5 hours. 
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The clear aqueous solution was saturated with ammonium sulphate 
and repeatedly extracted with ether, the ethereal solution dried 
and the solvent removed. On distillation a small fraction (2 g.), 
b.p. 100-150°/5 mm. evidently consisting of the ester, was obtained 
along with a large fraction (11 g. of the pure acid) of a colourless 
thick liquid, b.p. 150-53°/5 mm. (Found: C, 61°3; H, 7°8. 
CgH, 903 requires C, 61°5; H, 7°7 per cent). 

The semicarbazone was prepared in aqueous solution and crystal- 
lised from water or dilute alcohol, m.p. 208°. (Found: C, 50°4; 
H, 6°9. CyH,;03;N;, requires C, 50°7; H, 7°0 per cent). 

The ethyl ester (V).—The acid (10 g.) was heated for 14 hours 
with a solution of sodium (1°8g.) in absolute alcohol and ethyl 
iodide (13 g.). Alcohol was distilled off, the residue diluted with 
water and repeatedly extracted with ether, dried, ether removed, 
when the ester distilled almost completely at 105-106°/5 mm. as a 
colourless mobile oil, yield 9 g. (Found: C, 65:1; H, 8°7. 
Ci 9H;,03 requires C, 65°2; H, 8°7 per cent). 

The semicarbazone crystallised from methy! alcohol in colourless 
prismatic needles, m.p. 191°. (Found: C, 544; H, 79. 
C,,H,,03N; requires C, 54°8; H, 7°9 per cent). 

_. Ethyl dehydrohomosantenate (VII).—Ethyl dimethylcyclopen- 
tanonecarboxylate (12 g.), ethyl bromoacetate (12 g.) and zine wool 
(6 g.) diluted with benzene (50 c.c.) were heated on the water-bath 
with the addition of a crystal of iodine until the vigorous reaction 
set in. It was finally heated on the water-bath for 1 hour to 
complete the reaction. After treating with ice-cold dilute sulphuric 
acid, the benzene layer was washed with caustic soda solution, dried 
and distilled, when the unchanged keto-ester (1°6 g.) collected at 
100-20°/4 mm. and a colourless oil (8°4 g.) at 125-50°/4 mm. 
consisting of the oxy- and the dehydro-ester. This was completely 
converted into the unsaturated ester by heating on the water-bath 
with phosphorus oxychloride (3 g.) in dry benzene (40 c.c.) for 3 
hours. This benzene solution was successively treated with cold 
water and dilute caustic soda, dried and distilled, when 6°5 g. of a 
pleasant smelling liquid collected at 125-30°/4 mm. It decolourised 
bromine water readily. (Found: C, 65°6; H, 86. C,,Ho20, 
requires C, 66°1; H, 8°7 per cent). 

Homosantenic ester (VIII).—The dehydro-ester (5 g.) dissolved 
in absolute ether (25 c.c.) was reduced with hydrogen in presence 
of platinum oxide catalyst (3 g.) under atmospheric pressure. It 
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absorbed the calculated amount of hydrogen in about 2 hours and 
boiled at 180-35°/5 mm. (Found: C, 654; H, 9°5. Cy4H».0, 
requires C, 65°6; H, 9°4 per cent). 

Homosantenic acid,—The free acid was obtained by hydrolysing 
the ester with alcoholic potash, evaporating off the solvent, and 
the residue, dissolved in a small amount of water, was acidified 
with hydrochloric acid, when the homosantenic acid immediately 
separated out. On repeated crystallisation from water it was 
obtained as almost colourless needles, m.p. 170°. (Found: C, 60°3; 
H, 7°9. Cy 9H ;¢04 requires C, 60°0; H, 8°0 per cent). 

The author desires to express his thanks to Dr. P. Neogi and 
to Dr. M. Q. Khuda for the kind facilities they have given for 
carrying on this work and to Dr. J.C. Bardhan for his helpful 
interest in this investigation. 

Caemicat Laporatory, 


PresIDENcy COLLEGE, 
CALCUTTA. 


Received May 18, 1933. 
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Reaction of Diazonium Salts with Open-chain 
Hydroxymethyleneketones. 


By Sacatnpra Nata Roy aNp HemenprRA Kumar SEN. 


It was observed by one of us (J. Indian Chem. Soc., 1927, 4, 477) 
that diazobenzene chloride reacts with cyclic hydroxymethylene- 
ketones in the aldehydic phase of the latter. This was established 
by the fact that when diazonium chloride reacts with hydroxy- 
methylenecyclohexanone in the presence of sodium acetate, the 
reaction product obtained is identical with the monophenylhydra- 
zone of diketohexamethylene. It is evident that the formation of 
a monophenylhydrazone in such cases must of necessity be attended 
with the removal of the formyl group to give the required hydrogen 
for the formation of a phenylhydrazone. The reaction was accord- 
ingly represented as below: 


H.C CH, H.C CH, 
H,C 0 == ~~ HACK co 
H,C  C:CHOH H,C CH:CHO 
HC - _CH, H.C CH, 


H,C€ co HO Heck co + H’°COOH 
CIN=N'Pb HLC  C-N:N-Ph ~~” 4H,C CH-N:N‘Ph 


* 


CHO 
H,C CH, 


H.C  C:N'NH‘Ph 


The labile hydrogen atom which was attached to the carbon atom 
(*) thus migrates to a nitrogen atom, attended with a shift of double 
bond, causing the formation of a hydrazone. The azo derivative is, 
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therefore, not realised. As all these transformations are best 
explained by assuming the aldehyde phase, hydroxymethylenecyclo- 
hexanone need not be considered as a permanently enolised (-dike- 
tone. 

Benary, Meyer and Charisius (Ber., 1926, 69, 109) on the other 
hand, have shown that open-chain hydroxymethyleneketones react 
with diazobenzene chloride giving the following type of compounds, 
in which the formyl group remains unaffected, although the hydra- 
zone is the final product. 


CH,—CO CH,-CO 
] —_ | 
CH=CHOH CH,-CHO 
CH,-CO —  CH,;-CO 
CIN :N‘Ph | | 
——> OHC-CH-N :N'Ph OHC -C=N'‘NH'Ph 


To explain the elimination of the formyl group (a fact which was 
proved by analysis and the detection of ethyl formate in the reaction 
mixture) in the case of cyclic hydroxymethyleneketones as distinct 
from the open-chain hydroxymethylene compounds described by these 
authors, it was advanced by one of us that in the open-chain 
hydroxymethyleneketones used by Benary and his collaborators, there 
is a hydrogen atom in the ketone, available for the formation of 
phenylhydrazone, whilst in cyclic hydroxymethyleneketones, no such 
labile hydrogen atom is present. Hence, if the tendency to form a 
hydrazone is great, formyl group will have to be eliminated to supply 
the necessary hydrogen for the transformation of the azo derivative 
to hydrazone. 

The present work was undertaken in order to investigate whether 
it was a characteristic property of open-chain hydroxymethylene- 
ketones to retain the formyl group, while reacting with diazonium 
chloride, or whether the above hypothesis ‘holds good in all 
cases of reaction between diazonium chloride and hydroxymethylene- 
ketones, cyclic or open-chain, where there was no extra hydrogen 
available for the formation of phenylhydrazone. With this end 
in view, the reaction between hydroxymethylenedesoxybenzoin 
(prepared by the action of ethyl formate and sodium ethoxide on 
desoxybenzoin in dry ethereal solution) and diazobenzene chloride 
was studied. According to our hypothesis, hydroxymethylenedesoxy- 
benzoin, which is an open-chain hydroxymethyleneketone, containing 
no available hydrogen atom unlike Benary’s compounds for the 
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formation of phenylhydrazone, must have its formyl group split off 
in the following way to give rise to monophenylhydrazone of 
benzil : 


Ph-CO =~ _ =Ph-CO CIN :N’Ph Ph—CO 
| ae | 
Ph—C=CHOH Ph—CH’CHO Ph—C—N:N‘Ph 
-f 
CHO 
Ph—CO + HCOOH Ph—CO 
| —e | 
—> Ph-CH-N:N'Ph Ph—C=N‘NH'Ph 


That the reaction product was monophenylhydrazone of benzil 
was proved by analysis as well as by the following facts: 


(i) It was found to be identical with the monophenylhydrazone 
of benzil prepared by Biilow (Annalen, 1885, 236, 194) by warming 
equimolecular quantities of benzil and phenylhydrazine. 

(ii) The diphenylhydrazone ohtained by heating benzil and 
excess of phenylhydrazine was identical with the product obt-ined 
by heating our reaction product with phenylhydrazine. 

The action of diazonium chloride or substituted diazonium 
chlorides on open-chain hydroxymethyleneketones having no avail- 
able hydrogen atom for the specific reaction mentioned above, 
invariably gave rise to monophenylhydrazones or substituted mono- 
phenylhydrazones in the same way as in the case of cyclic hydroxy- 
methyleneketones. 


EXPERIMENTAL. 


Condensation of hydroxymethylenedesorybenzoin and _ diazo- 
benzene chloride: Formation of monophenylhydrazone of benzil._— 
Diazotised aniline (1 mol.) was added to a solution of hydroxy- 
methylenedesoxybenzoin (1 mol.) in aqueous alcohol eontaining excess 
of sodium acetate, cooled below 0°. A yellowish sticky mass separated 
which was filtered, washed with water, dried and crystallised when 
yellowish brown needles from dilute acetic acid were obtained, 
m.p. 128-29°. When crystallised from dilute alcohol, the colour 
becomes light yellow. It is insoluble in alkali. (Found: N, 9°5. 
Cale. : N, 9°34 per cent). 

The filtrate was distilled om a water-bath and in the 
distillate, collected between 60° and 80°, a strong smell of ethyl 
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formate was noticed. The distillate gave a white precipitate of 
mercurous chloride with a solution of mercuric chloride. 

The benzilmonophenylhydrazone, thus obtained, was heated 
with an equimolecular quantity of phenylhydrazine in the presence 
of a little glacial acetic acid on a water-bath for 4 hour. The 
bright yellow precipitate obtained on dilution was filtered and washed 
with alcohol. It crystallised from hot acetic acid as bright yellow 
needles, m.p. 225°. It was found to be identical with benzil- 
diphenylhydragone, prepared otherwise. (Found: N, 14°72. Calc.: 
N, 14°35 per cent). 

Condensation of hydrorymethylenedesorybenzoin and diazo-p- 
nitrobenzene chloride: Formation of benzilmono-p-nitrophenyl- 
hydrazone.—The condensation was effected in the usual way and 
the product crystallised from dilute alcohol as yellowish orange 
needles, shrinking at 176° and melting at 180°. It is soluble in 
acetic acid and alcohol and is identical with benzilmono-p-nitro- 
phenylhydrazone, prepared in other ways. (Found: N, 12°09. 
Cale.: N, 12°23 per cent). m 

Benzildi-p-nitrophenylhydrazone.—By heating the above mono- 
p-nitrophenylhydrazone with an equimolecular quantity of p-nitro- 
phenylhydrazine in glacial acetic acid solution for 4 hour on 
the water-bath, the di-p-nitrophenylhydrazone was prepared. On 
cooling and dilution with water, a reddish mass was obtained which 
is sparinigly soluble in alcohol. This was filtered, washed and 
crystallised from acetic acid when deep red needles were obtained 
melting at 290°, identical with di-p-nitrophenylhydrazone prepared 
otherwise. (Found: N, 17°8. Calc.: N, 17°5 per cent). 

Benzil-p-nitrophenylhydrazone-2-phenylhydrazone.—This was 
prepared by heating benzilmono-p-nitrophenylhydrazone with an 
equivalent amount of phenylhydrazine or by heating benzilmono- 
phenylhydrazone with p-nitrophenylhydrazine. It crystallised from 
hot acetic acid, m.p. 255°. (Found: N, 16°0. Cg ggH,,0,.N,; 
requires N, 16°09 per cent). 

Condensation of hydrorymethylenephenylethylketone and diazo- 
benzene chloride: Formation of a monophenylhydrazone of acetyl 
benzoyl.—The condensation product was separated in the usual way. 
It crystallised from dilute alcohol as pale yellow needles, m. p. 
146-47°. It is soluble in alcohol and acetic acid. (Found: N, 12°06. 
C,5H4ONg requires N, 11°76 per cent). 
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1-p-Nitrophenylhydrazone-2-phenylhydrazone of acetylbenzoyl 
was prepared by heating the monophenylhydrazone of acetylbenzoyl 
with an equivalent quantity of nitrophenylhydrazine in _ glacial 
acetic acid solution on the water-bath for 4 hour and crystal- 
lised from hot acetic acid as deep red needles, m.p. 230°. (Found: 
N, 185. Cg,;Hy902N, requires N, 18°97 per cent). 
DrPARTMENT OF APPLIED CHEMISTRY, Received May 20, 1933. 
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Hydrolysis of Chloro-, Ethoxy- and Methoxy-2-cyano- 
4-nitrobenzenes. 


By Bran Braari Dey anp YETOHAN GuNnjA DoRAISWAMI. 


The methods commonly employed for the hydrolysis of substituted 
aromatic nitriles may be classified as follows :— 

(a2) Hydrolysis by boiling with dilute sulphuric acid; Claus 
and Kurz (J. pr. Chem., 1888, ii, 87, 196) have by this method 
hydrolysed p-chloro-m-nitro-, p-chloro-o-nitro- and m-chloro-o-nitro- 
benzonitriles into the corresponding acids. In many cases, however, 
action proceeds no farther than the formation of the acid amide 
(vide Kiister and Stallberg, Annalen, 1894, 278, 207, regarding hydro- 
lysis of nitro-8-isoduronitrile). 

(b) Hydrolysis by heating with concentrated hydrochloric acid 
under pressure; Kiister and Stallberg (loc. cit.) have thus hydro- 
lysed nitro- and dinitro-8-isoduronitrile by heating with concentrated 
hydrochloric acid in sealed tubes at about 200°. 

(c) Digestion of the nitrile with 85 or 90% sulphuric acid at 100° 
(cf. Bouveault, Bull. Soc. chim., 1892, iii, 9, 368), when the amide 
is formed, the conversion into acid being effected by dissolving the 
amide in cold strong sulphuric acid and adding the requisite amount 
of cold concentrated sodium nitrite at 30°, finally warming for a few 
moments to 40-50°. Sudborough’s method (J. Chem. Soc., 1895, 67, 
601) is a modification of Bouveault and consists in heating the nitrile 
with a large excess of 90% sulphuric acid for 1 hour at 120-8 °, 
adding to the well cooled solution the theoretical amount of sodium 
nitrate and warming on the water-bath until effervescence ceases. 

(d) The method of Berger and Olivier (Rec. trav. Chim., 1927, 
46, 600) who find that 2:6-dimethylbenzonitrile, which is not hydro- 
lysed by 90% sulphuric acid or even by methyl or amy]! alcoholic 
potash, is hydrolysed by concentrated sulphuric acid merely to 2:6- 
dimethylbenzamide, this amide being hydrolysed into the acid only 
by 100% phosphoric acid at 145-50°. 
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The method found most convenient by the authors for the hydro- 
lysis of 1-chloro-,1-ethoxy- and 1-methoxy-2-cyano-4-nitrobenzenes is 
described in the experimental section. 

1-Chloro-2-cyano-4-nitrobenzene is hydrolysed -by sulphuric acid 
first into 2-chloro-5-nitrobenzamide and the latter, on boiling with 
hydrochloric acid, yields 2-chloro-5-nitrobenzoic acid. The nitrile, 
the amide and the acid, on boiling with aqueous or alcoholic potash, 
yield 5-nitrosalicylic acid, a conversion which has also been noticed 
in the case of the acid by Purgotti and Contardi (Gazzetta, 1902, i $2, 
526). 

Ethoxy- and methoxy-2-cyano-4-nitrobenzenes are similarly hy- 
drolysed by sulphuric acid into 2-ethoxy-5-nitrobenzamide and 
2-methoxy-5-nitrobenzamide respectively. They are hydrolysed by 
hydrochloric acid respectively into 2-ethoxy-5-nitrobenzoic acid pre- 
viously made by Perkin (Annalen, 1868, 145, 312) by nitration of 
o-ethoxybenzaldehyde, and by Kraut (Annalen, 1869, 1680, 4) by 
nitration of o-ethoxybenzoic acid and 2-methoxy-5-nitrobenzoic acid 
previously made by Kraut (loc. cit.) and Salkowski (Annalen, 1874, 
178, 41) by nitration of o-methoxybenzoic acid, and by Hale and 
Robertson (Amer. Chem, J, 1908, 89, 688) by permanganate 
oxidation of 2-acetonyl-4-nitrophenol-methylether. The ethoxy- 
and methoxynitrobenzonitriles, the amides and the acids are all 
converted by caustic potash into 5-nitrosalicylic acid. 

The series of observations mentioned above may be conveniently 
represented by the scheme shown in the next page. 


It would not be out of place to mention here that whereas 
1-chloro-2-cyano-4-nitrobenzene is hydrolysed by strong sulphuric 
acid or hydrochloric acid or caustic potash, none of these agents 
is able to hydrolyse 1-chloro-2-cyano-4-aminobenzene obtained by 
the reduction of 1-chloro-2-cyano-4-nitrobenzene. This interesting 
observation seems to show how the substitution of the nitro group 
in chloro-2-cyano-4-nitrobenzene by an amino group renders the 
hydrolysis of the CN group extremely difficult. The Cl atom, 
moreover, cannot be knocked off from the nucleus by means of caustic 
potash. 

Several interesting derivatives of 2-chloro-5-nitrobenzoic acid 
have been prepared, incidentally, during the study of the reactivity of 
the chlorine atom in this compound. These derivatives have been 
made through the acid chloride, the latter being most conveniently, 
obtained by the action of thionyl chloride on the acid: this method 
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gives a far better yield than that of Montagne (Rec. trav. Chim., 
1900, 19, 57). The several amides were made by shaking an aqueous 
suspension of the acid chloride with various amines, ¢.g., ethyl 
amine (III), propylamine (IV), diethylamine (V), ethylenediamine 
(VI), ete., while the ureide (VII) was obtained by fusing the chloride 
with urea. 


“\e! Cl 
y ) 
NOg CONHEt NO,\. /CONH-CH,-CH,Me 


(IIT) (IV) 
Cl Cl CH,—CH, Cl 
Et | | | 
NH NH 
NO, cong NO, y, \ 6808 
= CO C 
(V) (VI) 


NOs 
; CO'NHCONH, 


(VII) 


These amides were prepared in the hope that the reactive chlorine 
atom might be made to interact with a hydrogen atom of the alkyl 
group, leading to the closure of an isoquinoline ring thus: 


CH, CH 


Cl \CH, \cH, 
| i | 
co co 


Repeated attempts made in this direction, however, using such 
agents as copper dust, AICl;, PbO, POCl,, etc., failed to give the 
desired result. The amides were found to be extremely stable, the 
ethylamide, for example, being recovered unchanged even after 
vigorous boiling with PCl, and POC), for several hours. 
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EXPERIMENTAL. 
Hydrolysis of the Chloro-, Ethory- and Methoxrynitrobenzonitriles. 


A. 1-Chloro-2-cyano-4-nitrabenzene. Hydrolysis with H,80,: 
2-Chloro-6-nitrobenzamide.—Chlorocyanonitrobenzene (2 g.), moisten- 
ed with 10-12 drops of water, was slowly treated with conc. sulphuric 
acid (10 c.c.). The slightly coloured, clear warm liquid was heated 
over @ free flame to simmer for about 10 minutes until it just began 
to fume. and poured after half an hour into cold water (50 c.c.). 
The precipitate crystallised from boiling water (with the addition of 
a few c.c. alcohol) in shining white needles, m.p. 178°, yield about 
2g. This product had been obtained by Montagne (loc. cit.) by 
the action of aqueous ammonia on 2-chloro-5-nitrobenzoy! chloride. 

On boiling with 10% caustic potash, the amide went into a clear 
yellow solution, with the evolution of ammonia and the formation of 
5-nitrosalicylic acid (m.p. 228°). 

Hydrolysis of the amide with HCl]; 2-Chloro-5-nitrobenzoic acid.— 
Chloronitrobenzamide (2 g.) was boiled with conc. HCI (10-12 c.c.) 
on a wire gauze for an hour. On cooling, the product separated from 
the clear liquid and was purified by recrystallisation from boiling 
water, (m. p. 164°). On boiling this acid with 10% potash 5-nitro- 
salicylic acid was obtained. 


B. 1-Ethory-2-cyano-4-nitrobenzene. 


Hydrolysis with HgSO, :2-Ethory-5-nitrobenzamide.—1-Ethoxy- 
2-cyano-4-nitrobenzene was hydrolysed with H,SO, just as in the 
previous case. The product crystallised from dilute alcohol in small 
white needles, m.p. 176°. (Found: N, 18°61. CgH;,04Ng requires 
N, 18°84 per cent). 

2-Ethoxy-5-nitrobenzoic acid was prepared by boiling 2-ethoxy- 
5-nitrobenzamide with concentrated HCl for 1 hour as in the 
previous case and crystallised from dilute alcohol in almost white 
needles, m.p. 162°. (Found: N, 6°71. Cale.: N, 6°63 per cent). 

Boiling with potash converted both the amide and the acid into 
5-nitrosalicylic acid (m.p. 228°). 
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C. 1-Methoxry-2-cyano-4-nitrobenzene. 


Hydrolysis with HySO, :2-Methoxy-5-nitrobenzamide (IT), obtain- 
ed just as in the case of the ethoxy analogue by sulphuric acid 
hydrolysis of the corresponding nitrile, melted at 212°. (Found: 
N, 14:18. CgH,0,N requires N, 14°33 per cent). 

2-Methozy-5-nitrobenzoic acid was similarly obtained by boiling 
2-methoxy-5-nitrobenzamide with concentrated HCl for 1 hour, 
m. p. 151°. (Found: N, 7°28. Cale.: N, 7°11 per cent). 

Boiling with caustic potash converted both the amide and the acid 
into 5-nitrosalicylic acid (m. p. 228°). 


Derivatives of 2-Chloro-5-nitrobenzoic Acid. 


2-Chloro-5-nitrobenzoyl chloride.—Chloronitrobenzoic acid (80 g.), 
mixed with excess of thionyl chloride (40 g.), was heated on a water- 
bath in the usual way until no more HCl fumes were given off. 
The clear liquid was now distilled from the water-bath under reduced 
pressure, when it solidified to a crystalline mass. The last traces 
of thiony] chloride were removed by washing with ice-water and the 
product dried on a plate in a vacuum desiccator. Colourless cube- 
shaped crystals, m.p. 59°, yield 28g. This substance had been 
obtained in a much poorer yield by Montagne (loc. cit.) by the 
action of PCl, on chloronitrobenzoic acid. 

2-Chloro-5-nitrobenzamide (cf. Montagne, loc. cit.).—On shak- 
ing a suspension of the chloride in water with aqueous ammonia, 
the amide was formed crystallising frem water in white needles, 
m.p. 176°, identical with the product obtained by the hydrolysis of 
chloro-2-cyano-4-nitrobenzene with H,SO,. 

The methylamide (cf. Montagne, loc. cit.) was obtained by 
similarly shaking a suspension of the chloride in water with methy]- 
amine (33% aqueous or alcoholic solution), m.p. 171°" 

The ethylamide.—The chloride (2 g.), finely suspended in 
water (10 c.c.), was slowly treated in the cold with ethylamine (83%, 
5 c.c.), the mixture shaken for 1 hour and the cream-coloured 
precipitate crystallised from boiling water with the addition of a 
little aleohol as glistening white flakes, m.p. 148°, yield 1°7 g. 
(Found: N, 12°35. CyH,O,N,Cl requires N, 12°25 per cent). 

The propylamide, prepared from the chloride and propylamine, 
crystallised from boiling water in shining flakes, m.p. 142°. (Found: 
N, 11°73, C;9H,,03N2Cl requires N, 11°55 per cent). 
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The 2-dicthylamide, prepared by the action of diethylamine 
on the chloride, crystallised from alcohol in pale yellow needles, m.p. 
72°. (Found: N, 11°19. C,,H,,;0;N,Cl requires N, 10°29 per cent). 

The ethylenediamide was obtained as a white amorphous powder 
from the chloride and ethylenediamine. It could not be crystallised 
from any suitable solvent and was purified by washing with hot acetic 
acid, m.p. 310°. (Found: N, 13°29. C,,H,;,0,gN,Cl, requires N, 
13°11 per cent). 

The ureide.—The chloride (2 g.) and urea (1‘5 g.) were warmed 
together on the free flame when the mixture melted and reacted 
vigorously with the evolution of NH,Cl fumes. Carbon tetrachloride 
(10 c.c.) was added and the paste thoroughly mixed and heated again 
(5-10 minutes). The product was filtered, washed with methanol and 
crystallised from acetic acid as clusters of hard, perfectly white 
needles, m.p. 216°. (Found: N, 1753. C,gH,O,N;Cl requires N, 
17°25 per cent). 


PRESIDENCY COLLEGF, 
Mapras. Received April 18, 1933, 











Vitamin A in Fish Liver Oils. 
By P. N. Caakravorty, H. C. MookerJeE AND B. C. Gua, 


A systematic investigation of the vitamin A-potency of Indian 
fish liver oils does not appear to have been undertaken. Recent ob- 
servations in other countries on various fish-liver oils including 
halibut, mackerel and sturgeon liver oils, which have been found to 
be much more potent in vitamin A than cod liver oil, indicate the 
possibility of there being large vitamin A reserves in the liver oils of 
certain Indian fishes also. It is with this possibility in mind that the 
present investigation was undertaken. We have commenced this 
work with the liver oils of fishes commonly consumed in Bengal and 
we expect to send further communications on the subject. 


The Assay of Vitamin A in Liver Oils. 


The Carr-Price colorimetric method (Biochem. J., 1926, 20, 
497) was adopted for the estimation of vitamin A in the liver oils. 
Results of the biological tests, which are being carried out, will be 
reported later. 

Within the last few years, however, doubt has been cast on the 
reliability of the colorimetric method for the assay of vitamin A, 
Schmidt-Nielsen (Kon. Norsk. Videnskab. I, No. 15, 29, 63) has Te- 
ported that the tintometric and biological tests do not give concordant 
values for the body and liver oils of certain marine fishes. Ahmad 
and Drummond (Biochem. J., 1930, 24, 27), on the other hand, have 
concluded from a reinvestigation of the subject that for fish oils the 
tintometric method gives reliable values. Ender (Biochem. J., 1932, 
26,1118) and Norris (Bull. Basic. Sci. Res., 1931, 8, 89, 249) have 
recently given some noteworthy evidence to show that the chromogen 
concerned is not necessarily identical with vitamin A. Our own 
results indicate that in the fish liver oils under our investigation, 
there is probably more than one chromogen present (cf. Gillam and 
Morton, Biochem. J, 1931, 25, 1346), so that the blue values, we 
report, should be accepted with reserve as a measure of vitamin A 


values. 
5 
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Preparation of the materials.—The finely minced liver was ground 
up with excess of anhydrous sodium sulphate and extracted repeated- 
ly with ether in the cold. The ethereal extract was evaporated by 
means of an electric fan and the oil obtained. Generally the oils 
were coloured, varying from deep yellow to yellow-brown. The oils 
were fairly mobile, getting more and more viscous on standing. They 
had their peculiar odours, the smell of Mrigal liver oil being strongly 
suggestive of cod liver oil. 

Technique of the colorimetric experiments.—As described by 
Carr and Price (loc. cit.) the liver oil (about 2g.) was 
dissolved in chloroform (10 ¢.c.) dried over anhydrous potassium 
carbonate. 0°4 C.c. of the solution and 4 c.c. of a saturated solution 
of SbCl, in anhydrous chloroform were used for each observation 
made with a Lovibond tintometer of the B.D.H. pattern. The 
maximum development of the colour usually took place in about 30 
seconds. Matching was always carried out with a standard artificial 
light. 

As intensely deep colours could not be accurately matched, it was 
found necessary to use very dilute solutions in some cases for tinto- 
metric examinations. The relation between the dilution and intensity 
of colour produced is approximately linear only within a small range. 
The Carr-Price blue values obtained in this investigation have, how- 
ever, been computed on the assumption of such a linear relation. 
The actual deviation from this relation will be observed from the 
following experiment carried out with Mrigal liver oil. 

Relation between the dilution of Mrigal liver oil and the intensity 
of the colour produced.—In Fig. 1, curve (I) shows the relation be- 
tween the observed colour intensity and the concentration of the liver 
oil. Curve (II) has been obtained by plotting the Carr-Price values 
calculated from the respective blue value readings against the con- 
centration of the oil. 

It will be seen from curve (I) that the relation between the con- 
centration and the intensity of the colour is linear within a short 
range and that, where the concentration is relatively higher. Ata 
lower concentration the divergence is very great. 

At higher concentrations the C.P. value-concentration curve 
(Curve II) is parallel to the ordinate which shows that the relation 
between the concentration and intensity is linear within this range. 
At lower concentrations the Carr-Price value goes up as high as 500, 
while the Carr-Price value of the same oil, calculated from readings 
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at a higher concentration, is only 216. Thus Carr-Price values ob- 
tained from readings at low concentrations are apt to be very mis- 
leading. 

From these considerations it would seem desirable to observe the 
blue values of oils at higher concentrations. But the values obtained 
at these concentrations are generally much above 15 Lovibond units 
and hence the matching becomes inaccurate. Thus the apparent 
advantage gained by choosing a concentrated solution for testing is 
somewhat negatived by inaccurate matching. 

We have, therefore, accepted a via media. The concentration 
chosen falls roughly within the range where the intensity-concentra- 
tion relation may be taken to be linear. Within this range the 
values observed are not too high for accurate matching. 


The Blue Values of the Fish Liver Oils. 


1. Halibut liver oil.—0°6180 G. of the oil dissolved in CHCl, 
gave a very intense coloration with the SbCl, reagent, 0°5 c.c. of 
the chloroform solution was then diluted with chloroform to 10 c.c. 
so that the final solution contained 0°('809 g. of the oil in 10 ¢. c. 








364 CHAKRAVORTY, MOOKERJEE AND GUHA 


Obs. Blue Yellow Neutral 
units. units. tints. 
1 5 34 3 
2 o5 5 2 
3 y°5 3°5 2 
4 96 3°5 2 
Mean 95 
Carr-Price blue value—  614°8. 


2. Rohit (Labeo rohita) liver oil.—130G. of fresh Rohit liver gave 
3°108 g. of a yellowish brown oil. The sample of liver was collected 
in the earlier part of March. 1°1430 G. of the oil in 10 e.c. chloro- 
form gave a rather intense coloration and 1 c.c. of the above 
solution was diluted with chloroform so that the solution contained 
0°1143 g. of oil in 10 c.c. 


Obs. B 4 N 
1 12°9 4°5 O-4 
2 12°9 1°5 04 
8 12°9 4°5 os 
Mean 12°9 
Carr-Price blue value— 226°6. 


Another sample of liver collected in early May gave 5'822 g. of 
oil from 235 g. of liver. 0:17 G.in 10 e.c. chloroform gave the 
following values. 


Obs. B Y N 

1 13°7 24 02 

2 13°7 2°4 03 

3 13'8 24 03 
Mean 13°7 


Carr-Price blue value—161°1. 


8. Mrigal (Cirrhina mrigala) liver oil.—265 G. of Mrigal liver, 
collected in early May, gave 15°714 g. of a dark brown mobile oil. 
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0°1663 G. of the oil dissolved in 10 c. c. of chloroform was used for 


tintometric tests. 


Obs. B 

1 14°4 
2 lid 
3 14°6 
4 14°6 
5 14°7 
, Mean 14°5 


Carr-Price blue value— 174°4. 


o'4 


04 


06 


06 


o6 


4. Katla (catla catla) liver oil._—115 G. of Katla liver, collected 
in early May, gave 7°876 g. ofa mobile golden yellow oil. 0°2 G. 
of oil dissolved in 10 c.c, of chloroform was used for tintometric 


observations. 
Obs. 
1 
2 
3 
Mean 


B 
10°2 
11°2 
11°4 


10°9 


Cair-Price value—109. 


2°8 
2°0 
2°9 


N 
0°2 
02 
03 


5. Hilsha (Clupea Ilisha) liver oil.—137 G. of Hilsha liver gave 
4°213 g. of a golden yellow oil, containing some waxy substance. 0°3 
G. of the oil in 10 ¢.c. of chloroform was used. 


Obs. B 
1 89 
2 8°8 
3 9°0 
4 vv 

Mean 8°8 


Carr-Price blue value—59. 


6. Vetki (Lates calcarifer) liver oil.—55 G. of Vetki liver gave 


Y 
2°9 
30 
3°0 
3°3 


0-7 
07 


1°278 g, of a viscid yellow oil. The sample was collected in late May. 
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0°05 G. of oil dissolved in 10 c.c. of chloroform gave the following 


values. 
Obs B Y N 
1 70 2°8 
2 71 27 01 
3 71 2°8 01 
4 71 2°9 01 
Mean 7'1. 


Carr-Price blue value—284. 
7. Cod liver oil.—1°8 G. of cod liver oil (B.C.P.W.) dissolved in 
10 c.c. of chloroform were used. A sample of cod liver oil of 
Norwegian origin was also tested for vitamin A-potency, 19 g. 
of the oi] dissolved in 10 c.c. chloroform being used. 


B.C. P. W. Norwegian, 
Obs. *B Y Obs. B Y 
1 40 0°4 l 5 07 
2 39 0°4 2 5 08 
3 30 o4 3 5 08 
Mean 3°9 Mean 5°0 
Carr-Price blue value—4°3. Carr-Price blue value—5‘2. 


The copious mesenteric fat of Rohit was found to be devoid of 
vitamin A both by tintometric and biological tests. 


SuMMARY. 

Liver oils of Rohit, Mrigal, Katla, Vetki and Hilsha fishes have 
been tested for vitamin A-potency by the tintometric method. 
Their blue values are of the order of 227, 174, 109, 284 and 59 res- 
pectively. Another sample of Rohit liver oil, obtained from the liver 
collected at a different time, gave a blue value of 161, indicating that 
seasonal variations in vitamin A-content may be considerable. 
Comparison with two samples of commercial cod liver oil of average 
activity having blue values of 4°3 and 5° 1 indicates the relative rich- 
ness of the above Indian fish liver oils in vitamin A. The tintome- 
tric examination of a sample of halibut liver oil gave a blue value 
of 614. 


BrocHemicaL LABORATORY, 
BENGAL CHEMICAL AND Received June 13, 1933. 
PHARMACEUTICAL Works Lp., 
CaLcuTTa. 
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Studies in the Protective Action of Colloids. Part III. 


. Influence of Sucrose and Sodium Oleate on the Stability 


of Colloid Manganese Dioxide. 
By Saripgar SarvoTtaM Josai AND AvapH NarayANn LAL. 


It was observed previously (Joshi and Lal, J. Indian Chem. Soc., 
1933, 10, 63) that presence of sucrose did not affect sensibly the kine- 
tics of coagulation of the above sol by potassium and barium chloride. 
Further work showed that this sol was coagulated under certain con- 
ditions, by the addition of sucrose, which is interesting. While a 
number of electrolytes are known to sensitise, that is, to increase the 
coagulative power of the electrolyte added, coagulation and the con- 
comitant change of properties initiated by substances like sugar alone 
appear to have been hitherto examined not in detail. The 
present paper records work carried out with sucrose and sodium oleate 
from the view point just mentioned. 


EXPERIMENTAL. 


The sol was prepared, and its colloid content estimated as describ- 
ed in the previous paper (loc. cit.). The last quantity before mixing 
with the solutions of the protector was 0°75 g. of MnO, per litre in all 
the experiments. The sol having been prepared by Cuy’s 
method (J. Phys. Chem., 1921, 25, 415) contained traces of KOH. 
In view of the fact that viscosity reveals perhaps to the 
greatest extent but small changes produced in a_ colloid, 
the above action of the protector added in different proportions 
was studied by measuring variations in this property. The 
experimental arrangement of measuring viscosity was that due to 
Scarpa (Gazzetta, 1910, 40, 271; cf. also Farrow, J. Chem. Soc., 
1912, 101, 347) with modifications described in a previous paper 
(this number, Joshi and Viswanath, p. 829). The temperature 
of the thermostat in all the experiments was 35°. The solutions 
of sucrose and sodium oleate used were made from Merck’s 
guaranteed pure materials. Viscosity was measured 15 minutes 
after mixing the colloid with any of the protecting solutions. 
Measurement of viscosity was repeated at least twice and the results 
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agreed within 0'1% in each case. This observation was taken soon 
after mixing, since after long periods of time, coagulation occurred in 
some of the solutions and then the corresponding value of viscosity 
was less reproducible than above. The viscometer used in experi- 
ments with sodium oleate (Tables III, IV) was different from that 
used with sucrose solutions (Tables I, II). 


TABLE I. 


Protector used = 50% sucrose. 


No. Composition of the mixture Visco- 
cr ~ ty. to. sity. Remarks. 
Sol. Sugar. Water. 

1 l16cac. 4e.c. oss 7’ 35” 5°20” 1'181 The sol coagulated ap- 
preciatly after 24 hrs. 
The corresponding 
value was 1°21 

2 i 3 lec. 6°47” 8 3” 1198 

3 ” 2 6 34” «64° 51” — 1082 

4 ” 1 3 7’ 26” =64’ 69” =1:178 

TaBLe II, 


Protector used = 25% sucrose. 


1 ” 4 7 15” 5 2” 118 Slight coagulation ob- 
served after 24 brs. 

2 * 3 1 5’ 50” 4°47” 1°018 

3 ” 2 2 5°25" 4°10" O915 


6° 20" 84° 52”) —-1:°07 


~ 
~ 
aw 


TaBe III. 


Protector used = 0°334%% sodium oleate. 


Sol. Sodium Visco- 
oleate. Water. th. to. sity. 
1 10c.c. 1l0ac ... 1’ 35” 2’ 21°4” 0°757 Coagulates after about 
$ hr. 
2 re 8 2 1’ 33” 2 20” 0°744 Coagulates after about 
1 br. 
3 a 6 4 1’ 32°4” 2°19" 0°741 Coagulation observed to 


be appreciable after 
only 24 brs. 


4 e 5 5 1’ 32:2” 2 20" 0°742 
5 i 4 6 1 34” = 18” 0745 

ed 3 7 1’ 346” 2 185” 0°749 
7 m 2 8 1’ 35” 2 19” = 0'752 
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TaBLe IV. 


Protector used = 0°167% sodium oleate. 


No. Sol. Sodium Water. ty. ta. Vis- Remarks. 
oleate. cosity. 
1 lec l0cc. ... 1’ 10” 2’ 59” 0°599 Coagulates in about 2 
hrs. 
2 ~ 8 2e.c. 1 8” 2 4” 0°585 Coagulates after about 
24 hrs. 
3 - 6 4 rr 2 3:1” 0578 
4 90 5 5 1’ 68” 2 44” 0°58 
5 - 4 6 75" 248" 0°58 
6 i 3 7 i i ef 0°585 
7 - 2 8 1’ 8] 2 5°1” 0°587 
Discussion. 


For its well known capillary activity, its high ‘gold number’, and 
such allied properties as its detergent and peptising action, sodium 
oleate is regarded, in general, as a typical protecting agent. The coa- 
gulation of the sol on its admixture is, therefore, interesting, and 
particularly the fact that this effect is greater at larger proportions of 
sodium oleate. With lower amounts of the latter, the sol remained 
unchanged for atleast 48 hours. These results suggest an inter- 
relation, perhaps a possible merging of a protector with a coagulator 
under change of conditions, here simply by increasing the concentra- 
tion of the oleate added. In this connection it is interesting to point 
out that faintly acid Donau gold sol, or a Carey Lea silver sol is coa- 
gulated upon the addition of but small amounts of gelatine, the last 
being freed of electrolytes as much as possible (Freundlich, ‘‘ Colloid 
and Capillary Chemistry,’’ Eng. Trans., 1926, pp. 682-583). This 
has been ascribed by Freundlich and Léning (loc. cit., p. 585) to the 
presence of oppositely charged colloid ions present in such hydro- 
philes. With the exception of our observation that the coagulating 
effect diminishes by reducing the concentration of sodium oleate 
added, the above explanation would appear in the main to be appli- 
cable to our results, since the existence of colloid ions in soap solu- 
tions is now well recognised. 

The last factor is absent in sucrose solutions, and coagulations 
due to them (Tables I, II) cannot, therefore, be explained on the above 


6 
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view, This type of change would appear to be classifiable with the 
so-called sensitisation, produced in general by soluble non-electrolytes. 
The pioneer work in this field is by Kruyt and van Duin (Koll. Chem. 
Beih., 1914, 8, 269), Wo. Ostwald, who was the first to emphasise 
the variability of the dielectric constant in such cases (cf. Freundlich 
and Rona, Biochem. Z., 1917, 81, 87), Cussuto (cf. Weiser, J. Phys. 
Chem., 1924, 28, 1253) and especially Freundlich (‘‘Colloid and Capillary 
Chemistry,’’ p. 463). Freundlich proceeds on the simple assumption 
of an analogy of a colloid particle enclosed in the ‘ Helmholtz double 
layer’, with acharged condenser. Since non-electrolytes usually 
possess comparatively low dielectric constants, their adsorption would 
lead to a diminution of the last quantity. A reduction in the charge, 
the stability of the colloid particle and therefore, in the adsorption 
of the opposite ions required for coagulation, is to be anticipated as a 
necessary consequence. The insufficiency of this view is shown by 
the work of Rona and Gyérgy (Biochem. Z., 1920, 105, 133), Weiser 
(loc. cit.), Sen (Kolloid Z., 1926, 38, 310) and Mukherjee, Chaudhury 
and Roy Choudhury (J. Indian Chem, Soc., 1927, 4, 498, et seq). It 
is seen that changes in dielectric constant alone can not be considered 
as the sole determinant of sensitisation. Furthermore, it is tacitly 
assumed in Freundlich’s theory that sensitisation is necessarily 
preceded by the adsorption of the non-electrolyte on the colloid by 
virtue of its capillary activity. 

The difficulty of applying the last postulate to our results with 
sugar is evident from the observation of Bhatnagar, Srivastav and 
Gupta (Kolloid Z., 1925, 87, 101) that the adsorption of sugar on 
Mn(O,j is but insensible. It would also appear from a survey of the 
literature that a marked capillary activity is not necessarily the 
characteristic of a sensitiser. Moreover, this action is a specific one 
both as to the nature of the non-electrolyte and the coagulator. Thus 
for example, Sen (loc. cit.) has observed, in the coagulation of the 
MnOg sol by copper sulphate and silver nitrate in the presence of 
ethyl alcohol and sucrose, that the former stabilises the sol against 
copper sulphate more than silver nitrate. Also, using the 
last electrolyte, sucrose did not exert any appreciable effect, as we 
found previously in coagulations by potassium and barium chloride 
(Joshi and Lal, loc. cit.). A further important element in Freund- 
lich’s theory is that sensitisers do not initiate coagulation but merely 
augment it due to added electrolytes (Freundlich and Rona, loc. cit.; 
Rona and Gyérgy, loc. cit.). 
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The observation of Freundlich that no alteration is produced even 
after long time when the arsenious sulphide sol is mixed with a 
number of non-electrolytes added in large concentrations (Z. physikal. 
Chem., 1903, 44, 136) is at variance with that of Klein (Kolloid Z., 
1921, 29, 247) who observed coagulation in the above and other 
colloids by the addition of non-electrolytes, in the absence of any 
added electrolytes. Similarly Billitzer (Z. physikal. Chem., 1908, 
45, 312) using a platinum sol and Wo. Ostwald (cf. Weiser, loc. cit.) 
using a silver sol observed that they can be coagulated by adding 
suitable amounts of alcohols. Recently Patel and Desai (Kolloid 
Z., 1930, §1, 818) observed that a long dialysed thorium hydroxide 
sol can also be coagulated by non-electrolytes alone. In the main, 
these results would appear to be in line with ours (Tables I, II), and 
are to be ascribed to the appreciable alteration of the nature of the 
dispersion medium. 

It is very interesting to note the initial fall of viscosity at 
low proportions of the sodium oleate and sugar added. A strikingly 
similar diminution of viscosity has been noted by a number of workers 
when agiven volume of colloid is treated with successively small 
increments of electrolytes (Gokun, Z. Chem. Ind. Kolloid, 1908, 8, 
84; Woudstra, ibid., 1911, 8, 73; Farrow, loc. cit.; Dhar and Chakra- 
varti, J. Phys. Chem., 1926, 30, 1646). In view of the lack of 4 
definite knowledge of the factors which determine completely the 
viscosity of a colloid, it is not surprising to note the diverse, and at 
places conflicting explanations of the above phenomenon by different 
workers; more experimental work is needed to elucidate it. Mean- 
while it is interesting to note the occurrence of the same effect in the 
presence of a non-electrolyte and a typical protecting agent like 
sodium oleate. 

CHemicaL LABoRATORIES, 


Benares Hinpu UNIvERsITY, 
BEXaRES. Received May 15, 1933. 




















Optical Activity of Alkaloid Salts of Geometrically 
Isomeric Unsaturated Acids. 


By PancHANAN NEOGI AND ANIL BHUSAN SEN-GuPTA, 


The relation between geometrical isomerism and optical activity 
was first studied by Walden (Z. physikal. Chem., 1896, 20, 377) who 
observed that in the case of diamyl esters of maleic and fumaric 
acids, chloro- and bromomaleic and chloro- and bromofumaric acids 
the fumaroid possessed the greater rotatory power, but Hartwall 
(Dissertation, Helsingfors, 1904) found the reverse rule to hold for 
the acid and neutral bornyl esters of maleic and fumaric acids, 
although with both menthyl and bornyl acid citraconates and 
mesaconates the fumaroid possessed greater rotatory effect. 

Hilditch (J. Chem. Soc., 1908, 61, 704) from a study of several 
alkaloid salts (conine, codine, brucine and cinchonine) of maleic 
and fumaric acids obtained results in chloroform solutions which with 
some few exceptions showed that the malenoid forms had greater 
specific rotations than the fumaroid. 

It appeared to us that a larger amount of experimental work 
should be forthcoming to establish, if possible, a general rule regard- 
ing the relative optical activity of active geometrical isomers and 
therefore, we undertook a systematic study of the rotations of a large 
number of alkaloid salts of ethylinic dicarboxylic acids. 

The alkaloids used in the work described were quinine, brucine, 
quinidine, strychnine and cinchonidine, and the rotatory power of the 
salts of these with maleic and fumaric acids, citraconic and mesaé@onic 
as well as crotonic and isocrotonic acids has been measured. The 
solvent generally employed was dry alcohol, in a few cases it was 
necessary to have recourse to chloroform. Owing to the great 
ionising influence of water, aqueous solutions were not employed. 

It appears from the present investigation that in the case of 
alkaloid salts of unsaturated isomeric ethylinic acids it can be formu- 
lated as a general rule that the specific rotations of the malenoid 
type is almost always greater, bearing some exceptions observed by 
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Hilditch (loc. cit.), than that of the fumarotd form and that the 
Specific rotations of the alkaloid salts and amyl esters of the ethy- 
linic dicarboxylic acids are relatively reverse of each other. So far 
as the effect of dilution is concerned it is of interest to note that 
with increase in dilution the specific rotation decreases. The rota- 
tions were obtained in non-ionising media, viz., alcoholic and chloro- 
formic solution and hence it is not strange if reverse results are 
obtained to those of Oudeman and Landolt (Annalen, 1876, 182, 33, 
58; Ber., 1873, 6, 1077) who showed that in ionising media such as 
in aqueous solutions the rotations increased and were approximating 
those of the active ions on continuous dilution owing to ionisation. 

The influence of solvents on optical activity has been studied 
by many investigators and various theories have been put forward 
to explain the anomalous behaviour of rotations in different solvents. 
But so far as the effect of concentration on rotation is concerned no 
satisfactory explanation is found in literature. Graham (J. Chem. 
Soc., 1912, 101, 746), who has shown that Oudeman-Landolt law is not 
universally applicable, suggested that the change observed was not 
dependent on the electrolytic dissociation alone but depended 
principally on the character of the metallic atom or electropositive 
grouping, since similar effects were produced by members of the same 
group in the periodic table. Armstrong and Walker (Proc. Roy. Soc., 
1913 88A, 388) are of opinion that the cause of the variation in the 
optical rotatory power of organic compounds and anomalous 
rotatory dispersion may be ascribed to (a) alteration in the molecular 
size and to the formation of compounds between solvents and the 
solute, (b) to the occurrence of change giving rise to the presence of 
reversibly related isodynamic forms. 

The decrease of the specific rotations of the salts with increase 
in dilution in non-ionising media might be supposed to be due to 
the formation of some compounds of the solute with the solvent 
emplayed, and that with increase in dilution the proportion of the 
molecules existing in the combining state increases thus causing a 
diminution in the proportions of active molecules. It was not 
possible to have direct evidence in support of this view by determin- 
ing the molecular weight of the salt at different concentrations in 
alcoholic or chloroformic solution by the freezing point method owing 
to very low freezing point of alcohol orchloroform. The boiling 
point method is obviously inapplicable owing to possibility of 
decomposition. The substances are insoluble in benzene. The 
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suggestion, therefore, remains a tentative one so long as direct 
evidence is not forthcoming. 

No generalisation as regards the magnitude of the increase of the 
specific rotations of the malenoid type over the fumaroid form is 
possible. In most cases, however, using maleic and fumaric acids 
the increase is between five to ten degrees, in the case of citraconates 
and mesaconates the increase is between three to twelve degrees, 
and finally in the case of crotonates and isocrotonates it is between 
four to seven degrees. This is only a rough approximation as indivi- 
dual variations in equal dilutions are sometimes besides the limit 
mentioned above. 


EXPERIMENTAL, 


General method of the preparation of the salts.—Alcoholic 
solutions of the base (2 mol.) and the acid (1 mol.) were 
mixed together and allowed to evaporate slowly, when solid crystals 
separated. The crystals were filtered and purified by washing with 
hot acetone in which the alkaloids and the acids were soluble but the 
salts insoluble. The salts were finally recrystallised from hot alcohol 
or water as colourless needles. 

The isomeric salts differ from each other in melting points, 
solubility and sometimes in the shape of crystals. 

The salts decolourise rapidly dilute permanganate solution and 
bromine water, thus showing the presence of unsaturation. They are 
insoluble in sodium bicarbonate solution (hot or cold) proving the 
absence of free carboxyl group and all of them are neutral to 
litmus paper showing the formation of dialkaloidal salts. The alka- 
loidal salts are described in Table I. 

Alcoholic solutions of the same concentration of the isomeric 
salts were prepared and the rotations were measured in a 2 dem. 
tube keeping the temperature constant by circulating water at 
constant temperature through the tube. From the rotations thus 
observed the specific rotations were calculated. The rotations at 
different dilution are given in Table IT, 





< 
& 
i= 
Pp 
7 
a 
a 
mM 
a 
< 
a 
a 
< 
ve 
S 
° 
[<2 
4 
‘pa 


8.9 ‘O*H *‘ 16.¢'N 
*8.9 ‘H ‘$8.19 'O 


9.8 ‘O*H ‘1.9 ‘N 
‘98.9 ‘H ‘1609 ‘O 
Gt-L‘N 
‘PLL “H ‘28.89 ‘O 
19.4 ‘N 
‘G6.L “H ‘19.89 ‘O 
ZL-8 ‘O*H * 18.9 ‘'N 
‘88.9 ‘H ‘20.69 ‘OD 
ST.¥ ‘O°H ‘81-2 ‘N 
'39.9 ‘H * 16.99 ‘O 
81-8 ‘N 
‘10-2 ‘A ‘18.11 ‘O 
G6.L ‘N 10.8 ‘N 
‘18-9 ‘H °69.1L ‘O ‘SLL ‘H ‘2.1L ‘0 
‘ ‘ 8¥.L ‘N 
* 10-2 ‘H ‘28-89 ‘O 
; 69.2 ‘N 
* TLL “Ht *6L-89 ‘0 


panog 
“sisfjeay 


OFF “O°H9%( FoF NAD) 


078g ‘09H %0%('OFN EM) 


tolH oF FoFNMA%)) 
O*HF “olAto(20%n@A MO) 


o*Hs “olHo*Fo2N@H BO) 


ot8I ton OM OFN@ HED) 


o88°L81 


o€8°Z8T ‘ola 0% Fo*NKH% 9) 


‘d ‘W ‘ e[na110,7 


‘I Wavy, 


aqBuoorsyI0 outonig 


eyeuooBseM 9ulONnI Gg 


ayeieuIny ourprainbig 


eyeqjec = oarprambig 


eqyeremny ouruygoh1481q 


Heese eungohi481¢q 


eyereUINy SUIpIaoyoutoIg 


O48e[/BU SUIPIuOgouroIg 


eysivuiny ogurutnbiq 


eyeajem ourombig 





“MOT}ISOdMONEP YITM 4]9UI 4801 O44 ‘aOIyeodMoDep ynogyiH “d ‘UI 07 BIOJOY » 


18.2 ‘N 
'%.L ‘H {$1.69 ‘O 86-960 eyemooes710 ouraTMbiqy 
6LL ‘N 83-2 ‘N 
6.9 “H ‘ T¥.69 ‘O ‘90.2 ‘H ‘9.69 ‘O m:) or) a 19 AD B(SOENM AMD) eyeuoovsem eutambiqy 
18.8 ‘O*H ‘12.9 ‘N 98. ‘O*H ‘6.9 ‘N (4 
15.9 “H ‘29-29 ‘O 89-9 “H ‘68.19 ‘O GST Sos S(EoSn@y) aenooeszto ouragoLsy81y 
20-9 ‘O*H! 19.9 ‘N 20°9 ‘O°H ‘69.9 ‘N o*HE 
‘19.9 ‘Hl ‘1.99 ‘O '8L.9 ‘H ‘19.99 OD 083 *o'nto %otN@=A%) exemoovseM! suluqoss48Iqy 
PI.L ‘N 
‘1P-L ‘H * 62.69 ‘O oS9T09T» 9yeu070I00st eUTUTN? 


961s tooA'D §=FOtN*%H%) @7eu0};019 ouramMe 


cOS'09B 048104010081 EUTUqIATG 


mM 
& 
— 
< 
R 
2 
: 
el 
< 
= 
° 
al 
ae 
_ 
4 
iol 
o 
< 
— 
< 
Oo 
=) 
a 
°o 


9.9 ‘H ‘8¥.TL ‘O '61.9'H! 0. LI-STe So°'A'D $= (FO!NB@ AMD) 9yeu0j0I0 eutugoing 


oSLELT - HeUosvIzIO SUIPIUOqOUINIG 
6L-L ‘N "er 
$96.9 “H !98.0L ‘O ‘PT. ‘ ¢9. oLT-91e 'o*HO%(O' NB HMO) e{eu0IBseM eUIPraoqouToI 








6.L13— 


99.93 — 








690.0 ST.LSt— 96. 18— 980.0 G98T.0 
9.893 — 69.6% — 91.0 6.286 — ¢.46— L8I.0 118.0 
8-912 — 83.38 — $8.0 8. F0E — 8T.Le— 905-0 G9.0 
10-588 — G0.68 — 98.0 8-598 — 90.36— S16.0 ¥80.T 
< 
Py apvspun} auyuyohsisiq apveypu aumyohssiqg ob@ “dmey, 
Dp 
9 9.089 — 6-8L— 881.0 8.499 — &9.08— ¥ET.0 3880.0 
fa 9.899 — 8.6L— 592.0 6.809— 59.98 — 983-0 ¥991.0 
Pe ¥.89— ¥.16— 609.0 8T.10L— 9.66— $99.0 8288.0 
< L9.869— 83.66— G9.6 8.bbL— €L-90L— $18.3 Sree. T 
= azDLDUN{ ouspruoyournT a}Da}DU suIpruoYyoulng "00g “duey, 
< 
oa 6.869 — 9v-3L— TL1.0 L319— 80.08— 68T-0 O8TT.0 
io) 
8 8.189— 88-38 — 168.0 €1-01L— 29.86 — TP.0 0998.0 
” 9.186 — 68.12T— OPT-L 6.656 — OL.S3I— I8L.T 0ZL¥.0 
a: 
6.096 — 260-L81— 868-8 90. 1001 — o80.1gT— PLV.B "8 0696.0 
"00198901 *m09}8401 10198703 "0198901 00178401 *M0148901 atl . 
IBTNIE/OPY ogioedg [sapy zepNII/OW ogiwedg Tenpy 09 Oot 25 OD 
m oppsvuns ourunbig ayvajpm ourumnbiq ‘o1g ‘duro, 
4 
on 


‘II F1avy, 






o 
& 


OPTICAL ACTIVITY OF ALKALOID SALTS 


18.699 — £-6L— 
66.988 — GL-89— 
bF.98F — SL.29— 
91.109 — 8.69= 
98.866 — 9.38— 

6.999— 9-16— 


a} DUDODS9U oUIprUoYyouUID 


Bv.993— 8-93— 
91.008 — 28.08 — 
¥. 188 — 8L.€8 — 


aPDUODDSIMU BUIONIGD 


$.38ST 62.66T 
€-8L9T 8-908 
T.16S1 92-808 
soyRo210H agnals 


azosvun{ surprumbiq 








LG. 
912.0 
209-0 
869.0 

$9.1 

99.€ 


L1@.0 
oTg.0 
98T.T 


9.1 
689.2 
923-9 


“00138401 


enjoy 


L-634— $8.69 — 
6L.S8h— 99.L9— 
G.889 — gL— 
LT.98¢— $.18— 
$3.809— $.L8—- 
&0.60L— GL-86— 


9}2DU0IDI}ID BUIpIuoYyoUtD 


99.983 — bE.83— 
89.0801 — 6L-48— 
80.888 — $.9e—- 


a}DU0IDL}IO QULONIGT 


LIL-6991 80.402 
$.6891 $0.80% 
98.F09T 90-012 
“0198401 "M0198 401 
IepNoIOW agiedg 


apdajom aurprunbiq 





6&2.0 
T¥S.0 
$1.0 
v0E.T 
$L.T 
96.€ 


OFZ.0 
989.0 
$62.T 


8.1 
19.3 
Lo.¢ 


*WorjBy01 


yeaqoy 





6-0 
5,0 
g.0 
8-0 


*.0¢ “due, 
vOGP.0 
80F8.0 
9189.1 

*ob% “due, 
9618.0 
&LZ9-0 

“3 PPGG.T 


2-9 QOT 10d U0 


*.0g ‘dway, 














*MONN]OS WIIOJOIO|YO Ul Poaresqo sea TOI}BI0OX , 


86-885 — 9.83 —- 280.0 £0. F0¢ — L-88— 601.0 51.0 
16-266 ~ TL-986— 16-0 96-FLE — 6.9b— 893.0 983-0 
9L-8— 96-1h— 8F.0 81-965 — b-69— 319.0 319.0 
< 86.905 — 82-09— 291-1 9.89% — Lb-Lg— 918-1 veL-T 
a 
=} a;DUOODsaw autuyohs}sIq 92DU0IDA}10 dulUYyohs3siq *.0¢ ‘durey, 
2 99.118 — 99.06— BL6.0 90.968 — 9.96 — 62.0 91.0 
ta 
a .01F— 90.001 — 9.0 90.185 — 9-901 — 59.0 6.0 
m 99.L55— 91.601 — 18.1 90.825 — 9.911 — OF-T 9.0 
< 98.98% — 9.8Il— 948.6 LL-OIG — 89-661 — 66-2 GT 
a 
4 97DU0ZOLOOBI auruin?) a7DU0}0L9 autumn? *oTg ‘due, 
g 62-961 — G¥.06 — 861-0 Be.G9T — ¥6.68— ¥6.0 908-0 
& 9%6.691— 8.0b— 26F.0 ° #8.581— 10.66 — 189.0 19.0 
a. 9F-61— 8.95— S11 89.11z— 5.09— 83.1 "3 G.T 
“0148901 "10198401 “0198401 *U01}8401 *m0178901 *M0198401 oe 
IB[NIe;OPT ogtoedg jenpy re[noejo ogtoedg Tenpy 2° QOT ted ‘oop 
azDUo,OLN0SI BuUYyohG x a7DU0ZOLO aulUYyohIaG » *o0g “due, 


380 


*(penutjuoo) J] Wavy, 






381 


OPTICAL ACTIVITY OF ALKALOID SALTS 


“S861 ‘8 YosDPy paaravay 


FL.199— 86.18— 
62-0¢8— ¢.901— 
9.L¥6— 8.13I— 
61-066 — 9.L6I— 
“0138301 “0138401 
18]n99/0 NW ogtoady 


apDuoopsam aurumbiqT 








998-3 oP.EIL— L.16— 
199-0 69.868 — ¢.91I— 
GZS. (0.016 — 89. POT — 
S6L€ 68.8201 — b.18l— 
*WO1}8jOI “W013 B40I *MOI}B4OI 
[snyy 18[N99/0;T ogwady 


azDU0IDA}I0 ourumbiqy 








‘VLLQOIV) ‘A9aTION AONGGISaag 
*KYOLVAOEWT ‘IVOINAAD 


186.0 S9ST.0 

PEZL.O S18-0 

199.1 989.0 

265-8 “8 392.1 
*U0138407 aie 

jenqoy 9 °9 OOT red ‘ou0D 


*.0¢ ‘duey, 



























Condensation of Bromal Hydrate with 
Aliphatic Amides. 


By B. H. Yevsourer, 


Although the chloral amide derivatives have been studied care- 
fully, less work has been done on the corresponding compounds of 
bromalamides, inspite of their physiological importance. Bischoff 
prepared bromalurethane (Ber., 1874, 7, 628) and Schiff and 
Tassinari bromalacetamide (Ber., 1877, 10, 1786). 

In the work here described, a series of aliphatic amides from 
formamide up +o pelargonamide, have been condensed with bromal 
hydrate and the properties of the products have been compared with 
those of the corresponding chloral derivativesg 

The bromalamides are obtained by mixing excess of bromal 
hydrate with the amide and heating until a solid is formed. The 
reaction proceeds as follows :— 


R'CO'NH, +CH’CBr, = R'CO‘'NH'CHOH’CBr, + H,O 
OH 


Cold sodium hydroxide solution converts them into bromoform 
and the corresponding amide. The higher members of the series 
react more slowly. 


R:CO'NH'‘CHOH'CBr, __“*°#_. R-CO-NH,+CHBr, 


The bromalamides differ from the ciloralamides in some 
respects. They can be divided into two groups: (i) Formamide to 
butyramide, (ii) valeramide to pelargonamide. 

Compounds of the group (i) are more reactive and the reduction 
products less stable than those of the group (ii). The chloral 
compounds of the group (i) are more readily formed than those of 
the group (ii). Bromalformamide is obtained only with concentrated 
sulphuric acid as the condensing agent. With sodium hydroxide, the 
bromal compounds of the first group decompose more readily than 
those of the chloral compounds. 
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The presence of the OH group in the condensation products gives 
rise to a number of derivatives such as, acetyl, benzoyl, methoxy and 
anhydro. 

Action of acetic anhydride.—By treating the condensation 
products with acetic anhydride in presence of concentrated sulphuric 
acid the acetyl derivatives are obtained, while in presence of dilute 
sodium hydroxide at 0°, the anhydro compounds are the main 
products provided the final mixture remains acidic. It has been 
found that the acetyl derivatives of the group (ii) viz., acetyl-, 
onanth-, capryl-, and pelargonamides are very easily prepared by 
Chattaway’s method (J. Chem. Soc., 1931, 2495). 

Action of dimethyl sulphate.—Owing to the unstability of the 
bromal compounds in presence of alkali, the methylation was carried 
out at 0° (cf. Feist, Ber., 1912, 45, 945); bromalformamide could 
not be methylated at all. Methylation takes place more readily 
with the compounds of the group (ii). 

As the condensation products, when treated with two molecules 
of phosphorus pentachloride, give rise to the compounds of the type 
(I) they probably exist in tautomeric forms (II) and (III) (cf. Schiff 
and Tassinari, loc. cit.). 


k'C(Cl)=N'CHCI'CBr, R'CO'NH’CH(OH) ‘CBr, 
(I) (II) 
R'C(OH)=N’CH(OH) ‘CBr, 
(III) 

The constitution of the reduction products of the bromalamides 
has been discussed by Yelburgi and Wheeler in a paper communica- 
ted to this journal. 

EXPERIMENTAL. 


Bromal formamide.—Formamide (8 g.) and bromal hydrate (58 g.) 
were heated together till a clear solution was formed. It was cooled, 
mixed with a few drops of concentrated sulphuric acid, left for 
2—8 days, poured over crushed ice and then kept in the refrigerator 
for about 6 hours. The product crystallised as tiny plates from 
methyl alcohol, m. p. 139-40°, yield 18 g. Unlike the other bromal 
amides, it is soluble in water. (Found: Br, 13°5. C,;H,O,NBr, 
requires Br, 73°6 per cent). 

The acetyl derivative, obtained in the usual manner, crystallised 
in needles, m. p. 107-8°. (Found: Br, 65:1. C;H,O,NBrg requires 
Br, 65°2 per cent). 
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The benzoyl derivative was obtained as needles, m. p. 189°. 
(Found: Br, 65°6. C;)H,0; NBrg requires Br, 55°8 per cent). 

Anhydrodibromalformamide.—Bromalformamide (3 g.) was dis- 
solved in sodium hydroxide solution (1%, 50 ¢.c.), and acetic 
anhydride was added to it at 0° slowly with shaking until the 
mixture remained famtly acidic. The mixture was then left in the 
refrigerator overnight. It crystallised as thin plates from dilute 
alcohol, charring at 160° and melting at 170°. (Found: Br, 75°6. 
C,H,O,N,2Br, requires Br, 75°7 per cent). All the anhydro deriva- 
tives of the remaining bromalamides are similarly obtained. 

8-Tribromo-a-chloroethylformamide.—Bromalformamide (5 g.) was 
mixed with phosphorus pentachloride (2°9 g.) in a tube fitted 
with calcium chloride tube and heated until the evolution of hydro- 
gen chloride slackened. The product was obtained as a colourless 
liquid, b.p. 80°/15 mm. (C,;H,ONCIBr, requires Halogen, 80°0. 
Found: Halogen, 79°9 per cent): The other chloro compounds are 
similarly prepared. 

Methylbromalacetamide.—Bromalacetamide (5 g.) was dissolved 
in sodium hydroxide solution (1%, 50 c.c.), and excess of dimethyl 
sulphate (6-8g.) was slowly added in the cold. The final mixture 
should remain fairly alkaline. The oily matter separating solidi- 
fied on keeping in the refrigerator for 12 hours. It was obtained 
as thick plates from methylated spirit, m.p. 106°. (Found: Br, 67°8, 
C;H,O,NBr, requires Br, 67°8 per cent). The other methoxy 
derivatives are obtained similarly. 

B-Dibromoethyleneacetamide.—As bromalacetamide when reduced 
with zinc dust and glacial acetic acid decomposed, its acetyl 
derivative was reduced. After reduction was complete, the mixture 
was filtered and the filtrate, after neutralisation with sodium car- 
bonate paste at 0°, gave a solid. It was obtained as long rectangular 
plates frcm petroleum ether, m.p. 82°, yield 1 g. from 15 g. of acetyl 
bromalacetamide. (Found: Br, 65°5. C,H,ONBrg requires Br, 65°8 
per cent). 

All the corresponding derivatives of the bromalamides are 
obtained similarly and possess similar properties. The reduction 
products of the group (i) are less stable than those of the group (ii) 
and the yield increases as we ascend the series. 

B-Bromoethyleneisovaleramide.—Bromalisovaleramide (15 g.) was 
dissolved in glacial acetic acid (160c.c.) and zinc dust (about 
6 g.) was added to itin portions. After each addition of zinc dust 
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the reduction mixture must be cooled. The mixture was shaken 
for about 4 hours, filtered and the filtrate was mixed with crushed 
ice and neutralised with sodium carbonate paste at 0°. On keeping 
the neutral mixture in the refrigerator overnight, a solid separated 
which was filtered at once and kept on a porous plate and purified in 
the refrigerator. The product is unstable at ordinary temperature 
but remains unchanged for a number of days in the refrigerator, 
Long neeles, m.p. 71-74°. (Found: Br, 38°9. C,H, ,ONBr requires. 
Br, 88°8 per cent). 

The corresponding reduction products of the higher bromalamides 
are obtained in a similar way and have similar properties. The other 
new compounds prepared are summarised in the Tables. 
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Condensation of Ethyl Propylacetoacetate with 
Aromatic Amines. Part II. 


By G. V. Japmav. 


The work described in Part I (J. Indian Chem. Soc., 1981, 8, 
681) has now been extended to a- and §-naphthylamines, o-phe- 
netidine, m- and p-aminophenols, m- and p-nitroanilines and o-, m- 
and p-chloroanilines. 

Except with m-aminophenol, substituted carbamides CO (NHR), 
are obtained in addition to the simple anilide CH,CO° CH (C,H,- 
CO’ NHR ; but with a-naphthylamine the amide cannot be isolated. 
The carbamides are always formed and the yield increases with the 
time of heating the reaction mixture. 

The constitution of the carbamide derivatives was confirmed 
by preparing them according to the method of Mistry and Guha 
(J. Indian Chem. Soc., 1930, 7, 793) by boiling urea with the corres- 
ponding amine in amy] alcoholic solution and finding the mixed mel- 
ting points, when no lowering was observed. 

The constitution of the carbamides from a-naphthylamine, 0-phe- 
netidine, m-and p-nitroanilines and o-, m-, and p-chloroanilines was 
further confirmed by heating the compounds with acetic anhydride and 
fused sodium acetate when the corresponding acetyl derivatives were 
obtained. The mixed melting points with specimens prepared from 
the amines and acetic anhydride showed no lowering ; p-aminophenol 
gave the diacetyl! derivative. 


EXPERIMENTAL. 


Di-a-naphthylcarbamide.—A mixture of a-naphthylamine (4g.) and 
ethyl propylacetoacetate (5 g.) was boiled for about 10 minutes. 
The soild separating on cooling was washed with benzene and crystal- 
lised from glacial acetic acid in white needles, m. p. 296°. (Found : 
N, 8°77. Cy,;H,gONe requires N, 8°97 per cent). 

The melting point of oa’-dinaphthylearbamide, described in litera- 
ture, is indefinite.* 


* It melts at 27° (Delbos, Annalen, 1847, 64, 370; Zinnin, ibid., 1859, 108, 229; 
Pegliani, Ber.. 1879, 12, 385; Huhn, Ber., 1885, 19, 2405). at 284-86° (Young and 
Clark, J. Chem. Soc., 1897, 71, 1201), at 314-15° (Vittenet, Bul!.Soc. chim., 1874, ii. 
21, 950), at 295-96° (Walther and Wldkowski, J. pr. Chem., 1898, 89, 278; Guha 
and Saletore, J. Indian Chem. Soc,, 1929, 6, 574; Mistry and Guha, /oc. cit.) 
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Di-B naphthylcarbamide.—It was prepared and crystallised in 
the same way as the a- compound, m. p. 310°.+ (Found : N, 8°66. 
Cg,H,¢ONe requires N, 8°97 per cent). 

n- Propylacetoacet-8-naphthylamide.—The benzene filtrate from 
di-8-naphthylcarbamide preparation was evaporated, the solid washed 
with petroleum ether and repeatedly crystallised from alcohol, m.p. 
115-16° (Found: N, 5°52. C,;H,,0,N requires N, 5°20 per cent). 

The same procedure was followed in subsequent preparations, the 
ester and the respective amine being taken in molecular proportions. 
The carbamide derivatives, being insoluble in benzene, could be se- 
parated from the soluble anilides. 

o-Diethoxydiphenylcarbamide, obtained from o-phenetidine and 
the ester, was crystallised from boiling glacial acetic acid in white 
needles, m. p. 220-21°. (Found: N, 9°68. C,;Hg 903No requires 
N, 9°33 per cent). Migliacci and Gargiulo (Gazzetta, 1928, 58, 110) 
records the melting point as 222°. 

n-Propylacetoacet-o-phenetidide.—The benzene filtrate from the 
above experiment was evaporated and the residue was washed 
with petroleum ether. It is soluble in ethyl alcohol and dilute ace- 
tic acid. It crystallised from methyl alcohol in white needles, 
m.p. 90-91°. (Found: N, 5°6. C;,H,,0;N requires N, 5°32 per cent). 

p-Dihydrozydiphenylcarbamide, obtained from  p-aminophenol 
and the ester, was triturated with dilute hydrochloric acid to re- 
move the unacted phenol and crystallised from glacial acetic acid. It 
shrinks at 270° and melts at 280°(decomp.). Struve and Raden- 
housen (J. pr. Chem., 1895, ii, 52, 238) record its m. p. 230°, and 
Mistry and Guha (loc. cit.), 288° (decomp.). (Found: N, 11'S. 
C13H;903Ng requires N, 11°48 per cent). 

n-Propylacetoacet-p-hydroxyphenylamide.—The filtrate from the 
above experiment on evaporation, gave a thick oily liquid with some 
solid. The oil was drained off and the solid was dried on a porous 
plate for several days. It is very soluble in almost all organic 
solvents. It was finally crystallised from dilute alcohol, m. p. 95-96°. 
(Found: N, 6°33. C,;H,7;03N requires N, 5°96 per cent). 

n-Propylacctoacet m-hydroryphenylamide.—m-Aminophenol (5 g.) 
and the ester (8 g.) were refluxed for about 1 hour. Oncooling the 
liquid became a thick paste from which solid separated on treating 


+ The melting point of 88-dinaphthylurea is recorded as 293° (Hubn, loc. cit.) ; 
800° (Walther and Widkowski, loc. cit.); 289°-90° (Young, J. pr. Chem., 1899, 60, 
256) ; 309-10° (Vittenet, Joc. cit.; Guha and Saletore, loc. cit.; Mistry and Guha, 
loc. cit.) and 286° (Ekstrand, Ber., 1887, 20, 1360). 
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with a mixture of benzene and little ether. It was first washed 
with benzene and finally with dilute hydrochloric acid to remove the 
unacted phenol and finally crystallised from dilute acetic acid (1:1) 
in needles, m. p. 223-24°. (Found: N, 6°28. C,;,H,703;N requires N, 
5°96 per cent). 

The acetyl derivative, prepared in the usual manner, crystallised 
from dilute alcohol in needles. It shrinks at 150° and completely melts 
at 165°. (Found: N, 5°39. Cy;H1904N requirers N, 5°05 per cent). 

o-Dichlorodiphenylcarbamide, obtained from o0-chloroaniline and 
the ester was crystallised from glacial acetic acid in colourless 
needles, m. p. 235-36°. It is soluble in methyl and ethyl alcohols 
and acetic acid, insoluble in benzene, ether, chloroform, carbon 
tetrachloride and petroleum ether. (Found: N, 9°68; Cl, 25°54. 
C1 3H; 9ONgClg requires N, 9°97; Cl, 25°27 per cent). Vittnet (Bull. 
Soc. chim., 1899, iii, 24, 303) gives the m. p. 235-36° and Manuelli 
and Rosellini (Gazzetta, 1899, 29, ii, 128) 238°. 

n-Propylacetoacet-o-chloroanilide.—The filtrate from the above 
experiment was evaporated, the residue washed with petroleum 
ether and crystallised from dilute methyl alcohol, m. p. 83-84°. 
It is easily soluble in most of the common organic solvents. (Found: 
N, 5°32; Cl, 13°59. C;,H,g0,NCI requires N, 5°52; Cl, 14‘Oper cent). 

The same compound was obtained by heating the reaction mixture 
at 140-50° for about 10 hours. 

m-Dichlorodiphenylcarbamide was prepared in the same way 
as its ortho isomer and crystallised from glacial acetic acid in colour- 
less needles, m. p. 245.46°.* It resembles the ortho compound in 
its solubility. (Found: N, 9°68; Cl, 25°35. C,,;H,9ON Cl, requires 
N, 9°97; Cl, 25°27 per cent). 

n-Propylacetoacet-m-chloroanilide was isolated from the 
benzene filtrate as in the case of its ortho isomer and crystallised 
from dilute alcohol, m. p. 88-89°. It resembles the ortho compound 
in solubility. (Found: N, 5°80; Cl, 13°89. C,;,;H,,g0,NCI requires 
N, 5°52; Cl, 14°0 per cent). It can also be prepared by heating the 
reaction mixture at 140-50° for about 6 hours. 

p-Dichlorodiphenylcarbamide was prepared in the same way as 
the ortho isomers but heating was required for only 45 minutes. It 


It melts at 245° (Vittenet, Bull. Soc. chim., 1899, iii, 21, 802), at 248°. 
(Manuelli and Rosellini, Joc. cit.; Struve and Radenhausen, J. pr. Chem., 1901, 64, 
ii, 382). 
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crystallised from glacial acetic acid in white needles, m. p. 289-90°.* 
(Found: N, 9°72; Cl, 24°97. C}3;H;),ON Cl» requires N, 9°97 Cl, 25°27 
per cent), 

n-Propylacetoacet-p-chloroanilide was obtained from the 
benzene filtrate like its isomers and crystallised from alcohol, m. p. 
128-24°. (Found: N, 5°70; Cl, 13°72. C};H,,OgNCI requires N, 5°52; 
Cl, 14°0 per cent). It can be prepared by heating tke reaction 
mixture at 140-50° for 6 hours. 

m-Dinitrodiphenylcarbamide obtained from m-nitroaniline and the 
ester was crystallised from glacial acetic acid in straw-yellow needles, 
m. p. 241-42°.+ (Found: N, 18°75. C,;;H,90;N, requires N, 
18°55 per cent). 

n-Propylacetoacet-m-nitroanilide.—The filtrate from the above 
experiment on evaporation gave a solid which was first washed with 
petroleum ether and then with dilute hydrochloric acid and crystallis- 
from dilute acetic acid, m. p. 95-96°. (Found: N, 10%1. 
C,3H,,04Ng requires N, 10°61 per cent). The compound can be 
obtained by heating the reaction mixture at 170-80° for 4 hours. 

p-Dinitrodiphenylcarbamide was prepared in the same way 
as its meta isomer, m. p. 310°.{ (Found: N, 18°71. C,3;H; 905;N, 
requires N, 18°55 per cent). 

n-Propylacetoacet-p-nitroanilide was obtained from the benzene 
filtrate in the same way asits meta isomer and crystallised from 
acetic acid, m. p. 118-19°. (Found: N, 1064. C,,;H,,0,Ne 
requires N, 10°61 per cent). 


* It melts at 270° (Beilstein and Kurbatow. Annalen, 1875. 176, 51), 
at 306-07° (Vittenet, Joc. cit.). at 275° (Manuelli and Roeellini, Joc. cit.), at 310° 
(Chattaway and Orton Ber., 1901, 34, 1075; Bamberger and Destraz, Ber., 1902, 35. 
1878), at 270° (Bougault and Leboucq, Bull. Soc. chim., 1930. ir, 47, 594). 

+ It melts at 233° (Losanitsch, Ber., 1883, 16, 50), at 229° (Struve and Raden- 
hausen, J. pr. Chem., 1895, ii, 52, 213). at 225° Vittenet, Bul!. Soc. chim., 1899, iii, 
21, 156; Offret, ibid., p. 778; Manvelli and Rosellini (/oc. cit.), at 233° (Loh and 
Dehn, J. Amer. Chem..Soc,, 1926, 48, 2956). 

+ The melting point of this compound bas been recorded as 312° (Struve and 
Radenhausen, J. pr. Chem., 1895, ii, 52. 238; Manuelli and Rosellini,/oc. cit.) and 
810° (Vittenet, Bull. Soc. chim., 1899, iii, 21,149; Mistry and Guha, Joc, cit.). 
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The Fat and the Oil from the Seeds of Actinodaphne 
Hookeri, Meissn. An Indigenous Source of 
Lauric Acid. 


By S. V. PunTAMBEKAR ANb §. Krisana. 


During the investigation on the alkaloid from the bark of Actino- 
daphne (Krishna and Ghose, J. Indian Chem. Soc,, 1932, 9, 429) the 
seeds were examined for their alkaloidal content. No alkaloid, how- 
ever, was found in them but only asmall quantity (1%) of an 
essential oil which appeared in its characteristics to be 
similar to the oil of Lits@wa zeylanica (Rao, J. Ind. Inst. Sci., 
1932, 15A, 72) which like Actinodaphne Hookeri belongs 
to the N. O. Laurinacea. Apart from the essential oil, the seeds con- 
tained a large quantity of a fat and an oil which has been described 
by Kirtikar and Basu (‘‘Indian Medicinal Plants,’’ Pt. II. p. 1103) as 
‘ Pisitela’ employed medicinally as an external application to 
sprains., Of the species of the N. O. Laurinacea occurring in India, 
only the fats from the seeds of Lits@a sebifera and L. zeylanica 
appear to have been studied (Schroeder, Arch. Pharm., 1905, 248, 
631; Hooper, Annual Report, Indian Museum, 1910, p. 10) and in 
order to collect additional information it was thought desirable to 
investigate the composition of the fat from Actinodaphne Hookeri. 

The results obtained show that the kernels contain a fat which 
consists mainly of trilaurin (96%) and endocarp contains an 
oil which consists mainly of the glycerides of oleic acid 
but the fat as extracted is never obtained in pure form and is always 
found to contain small quantities of triolein. In actual practice, it 
is not possible to separate the seed-shells (endocarp) from the kernels 
or the kernels from the endocarp very completely with the result that 
some of the oil from the endocarp gets mixed with the fat and vice 
versa. The fat, which is hard and slightly coloured, can very easily 
be purified, a single crystallisation from alcohol giving pure trilaurin 
of iodine value 1. 

Not many examples are known where a fat from natural sources 
has been found to consist of a glyceride of a single fatty acid and, 
therefore, the investigation is of further interest from an academic 
point of view. It has also a commercial interest in that the fat 
could be employed as an indigenous source of lauric acid. 
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The Kernel Fat. 


The actinodaphne seeds used in this investigation were obtained 
from Mahableshwar (Bombay Presidency). The kernels were sepa- 
rated from the endocarp, powdered and extracted with petroleum 
ether when contain 75% of a fat (or 48°4% of the original seeds) was 
obtained. For determination of the physical and chemical constants, 
the powdered kernels were expressed at about 50° in a hydraulic 
press and in this manner only 48% (or 31% of the seeds) of a 
pale yellow oil was obtained which on standing became hard and 
crystalline. 


General characteristics. 


Consistency ss .. Hard, brittle and crystalline 
Colour iu «+ Pale yellow 
M.p. a ve 438—4° 

Sp. gr. se ss 0°925 at 25° 
Refractive index one on 1°4490 at 30° 
Saponification value oo we =255°5 

Todine value (Hanus) a ~~ ea 

Acetyl value re ~- HD 

Hebner value a -- 91°0 

Acid value _ ene 4°0 
Unsaponifiable matter of = 1°92% 


Composition of the fatty acids.—The fat, when crystallised from a 
large volume of alcohol, was obtained in fine silky needles, m.p. 
45-46°, saponification value 264, and iodine value 1°2. The fat when 
saponified gave an acid which on crystallisation from dilute alcohol 
melted at 43-44° and had MW. 200°5. Its melting point when 
mixed with an authentic sample of lauric acid remained unchanged. 
These facts indicated that the fat was almost entirely trilaurin. 

For the determination of the composition of the fat, as much as 
possible of the sparingly soluble trilaurin of iodine value 0, was 
removed by crystallisation of the fat from 95% alcohol and 
the residue left in the mother liquor was then saponified and sepa- 
rated into solid and liquid acids by the Twitchell’s method. Identifi- 
cation of the acids was conducted as described later. 


Chemical constants of the mixed fatty acids. 


Mean molecular weight es «oe 202 
Iodine value (Hanus) aa . «—815 
Saturated acids one oe §6=6. SEY 


Unsaturated acids it = 4% 
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Unsaturated acids.—100 G. of the fat were crystallised from 
boiling 95 % alcohol (1 litre) and in this way a snow white, silky, 
needle shaped crystalline product (90 g.) of m.p. 45—46° and saponi- 
fication value 264, was obtained which was identified as trilaurin. 
The residual 10 g. of the fat remaining in the mother liquor was 
saponified with alcoholic potash and the acids liberated. The fatty 
acids (9°5 g.) thus isolated were further separated into solid and 
liquid acids by the lead salt—alcohol method and in this manner the 
following two fractions were obtained: Fraction A—liquid acids 
(5°8 g.) of iodine value 61°7, and Fraction B—solid acids (3°7 g.) of 
iodine value 3°2. 

A portion of the liquid acids on bromination did not yield any 
hexabromide nor could any tetrabromide be isolated from the bromi- 
nated product. Another portion of (A) was converted into its potas- 
sium soap and oxidised in the cold by a dilute solution of potassium 
permanganate according to the method of Lapworth and Mottram 
(J. Chem. Soc., 1925, 127, 1628). The oxidised product, after 
removal of the unoxidised portion with petroleum ether and after 
being twice crystallised from alcohol, melted at 129-30° and had 
a M. W. of 318 and was identified as dihydroxystearic acid. The 
unoxidised portion was left as a pasty brown mass which on washing 
with dilute alcohol and drying was found to have a M. W. of 210. 
These experiments indicated that the unsaturated acids in the portion 
(A) consisted mainly of oleic acid and that the acids of more than one 
double bond, namely, linoleic and linolenic etc., were absent. They 
also indicated that portions (A) and (B) still contained some solid acid 
most of which was lauric. The amount of liquid acids being small, 
their conversion into methy! esters and subsequent fractionation was 
not attempted. 

Saturated acids.—The solid acids (B), on twice crystallisation 
from dilute alcohol, melted at 43-44° and had M. W. of 200°5. Its 
melting point showed no depression when mixed with an authentic 
sample of pure lauric acid. The fatty acids, (B), therefore, consisted 
mainly of lauric acid with a little oleic acid as indicated by their 
iodine value. 

In order to prepare the methyl ester 325 g. of the mixed acids, 
from which the unsaponifiable matter had been removed, was 
successively crystallised from 75 % alcohol to remove oleic acid as 
completely as possible, and 154 g. of an acid (m. p. 44°; M. W. 200°7 
and iodine value 1°5) was isolated. This was converted into its 
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methyl ester which distilled at 132-35°/7 mm. and only a sinall 
portion (iodine value 4) distilled at 185-160° and this appeared to 
be a mixture of lauric und oleic esters. The fraction boiling at 
132-35° had a saponification equivalent of 214 and the acid liberated 
from this melted at 43-44° and was identified as lauric acid. The 
above data on calculation gave the following percentage composition 
for the mixed acids namely, lauric (96 °%,) and oleic 4 %). 


The Endocarp Oil. 


The seed-shells on extraction with petroleum ether gave 25% 
(8°75 % of the seeds) of a reddish brown oil which on cooling to 20° 
deposited a solid crystalline matter, subsequently identified as 
trilaurin. The oil on removal of the solvent and the solid matter 
was cooled to 0° and filtered rapidly under suction, when a further 
quantity of trilaurin was removed. The filtrate was used for 
determining the general characteristics which are as given below. 


Consistency — om ove .» Liquid 

Colour bi on oie .» Reddish brown 
Sp. gr. eee ove exe ase 0°9163 at 20° 
Refractive index ... eee aa ia 1°4550 at 25° 
Saponification value — ove -. 199°6 

Todine value (Hanus) x wo .. 54°6 

Acetyl value = oes sn ia, eo 

Acid value — os sin «- 100°2 

Hehner value ose ote ws -. 980 
Unsaponifiable matter a ose eve 3°56 % 


50°5 G. of the oil was saponified in the usual manner and extracted 
with ether to remove the unsaponifiable matter after which the 
mixed acids gave the following chemical constants. 


Mean molecular weight ... a ioe vos 265 
Iodine value (Hanus) ana se sie ee §=54°8 
Resin acids ad at ine — on me 
Saturated fatty acids rie vo ove «+ =83°0% 
Unsaturated fatty acids... co eee + 55°8% 


36 G. of the acids from which the unsaponifiable matter had been 
removed was subjected to the usual Twitchell’s separation with the 
following results. 


A—Acids whose lead salts were insoluble in boiling 
95% alcohol in the presence of acetic acid 


(mostly resin acids) oe ove we §=4°08 g. 
B—Saturated fatty acids ... vin ar we 2°43 g, 
C—Unsaturated fatty acids as soe ee 29°50 g. 





Total 36°00 
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The acids (A) (M. W. 319; iodine value 18), consisted mainly of 
resin acid and no definite product could be isolated by crystallisation. 

The acids (B) (M.W. 243; iodine value 3°2), on being dissolved in 
petroleum ether deposited a small amount of resinous matter. The 
residues from the ethereal filtrate on crystallisation from acetone 
melted at 48° and had a M. W. of 249. The residue from this on 
crystallisation from alcohol gave a substance (m.p 44-45° ; M. W. 
208). The acids (B), therefore, appear to be a mixture of resin and 
lauric acids. 

The acids (C) (M. W. 268 and iodine value 51°5) were converted 
into their methy! esters in the usual manner and 28°4 g. of the neutral 
esters distilled at 2—3/mm. with the following results. 


Component of the esters. 
Fraction B.p. Weight. [Iodine Methyl Methyl oleate Isomeric methyl 


value. laurate. orisomers. dihydroxystearate. 

ly 107-12 195g. 4°6 1°85 0°10 g. 

Ly 112-17° 6°08 87 5°46 0°62 

Ls 132-65° 1°57 31°7 0°99 0°58 

Iy 165-70° 3°48 68°5 0°70 2°78 

Ls 170-75° 9°20 81°0 0°00 9°20 

Lg 175-200° 3°23 588 2°21 1°02 g. 
Residue 2°70 41°3 1°30 1°40 
Loss 0°19 ais 
Total 28°40 oe 9°00 16 79 2°42 


Fractions L, and Lg were mostly methyl laurate, saponification 
value 213°7 (saponification value for pure methyl laurate being 214) 
and the liberated acid from the product of saponification was identified 
as lauric acid. The presence of a little methyl oleate was indicated 
from its low iodine value. 

Fractions L, and Ly, appeared to be mixtures of methy! oleate 
and methy! laurate. 

Fraction L, was almost entirely methyl oleate, saponification 
value 800 (pure methy! oleate has a_ saponification value of 296 and 
iodine value 85°8). 

Fraction Lg on standing deposited some solid matter (m.p. 65°) 
which appeared to be the methyl] ester of isomeric dihydroxystearic acid 
(cf. Puntambekar and Krishna, J. Indian Chem. Soc., 1983, 10, 209).* 


* In this paper (pp. 203-212) the following changes are to be read : Isomeric 
oleic acid for elaidic (isooleic) methyl oleate and isomers for methyl elaidale and 
oleate. Insert (isomeric) before dibydroxystearric acid (in the heading of the last 
column of the table, p. 210). The value 1°16% (p. 211, last column of the table) works 
out to be 2°36%, if instead of myristic acid the presence of palmitic acid is assumed, 


3 
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The residue was a dark brown viscous mass and appeared to 
be a mixture of methy! oleate and isomeric methyl dihydroxystearate 
and the decomposition products. 

The above data on calculation gave the following percentage 
composition for the mixed acids. The mean molecular weight of the 
resin acids has been taken as 346 (Twitchell, J. Soc. Chem. Ind. 
1891, 10, 805). 





Acids. Weight. Per cent. 
Resin . 4°03 g. 11°20 
Lauric 11°88 33°00 
Oleic and its isomers 17°56 48°78 
Tsomeric dibydroxystearic 2°53 7°02 

Total 36°00 100°00 


Unsaponifiable matter from the fat and the oil_—The unsaponifia- 
ble matter from the fat was dissolved in hot alcohol and the solution 
allowed to cool. A flocculent amorphous matter separated out, 
which on drying melted at 60-70° and appeared to be wax. After 
removal of this substance the alcoholic solution yielded a phytosterol 
which after three crystallisations from alcohol melted at 130-31°. Its 
acetyl derivative melted at 118-19°. This shows that the sterol is 
sitosterol commonly found in vegetable oils and fats. 

The amount of the unsaponifiable matter from the endocarp oil 
being small in quantity was not investigated further. In appearance 
and consistency it appeared very much like the unsaponifiable matter 
from the kernel fat. 


Summary, 


1, The fat and the oil from the seeds of Actinodaphne hookeri 
are found to contain the glycerides of lauric, oleic, isomeric oleic acids 
together with sitosterol. 

2. The oil contains a small amount of resin acids. 

3. The fat appears to be a convenient source for lauric acid. 


Forest RESEARCH INSTITUTR, Received May 24, 1983, 
Denra Don. 
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The Oil from the Seeds of Tectona Grandis (Teak). 


By 8. V. PuNTAMBEKAR AND 8. KrIsHNA; 


It is commonly stated in works on Indian Forestry that teak 
wood contains an oil to which is due its immunity to insect attacks. 
In some of the books it is stated that the quantity of this oil is so 
large that it could be used as a substitute for linseed oil. Gamble, 
for instance, writes that ‘‘teak wood is strongly and characteristically 
scented and containing an oil which is easily perceptible to the touch 
and is preservative’ (‘‘ Manual of Indian Timbers ’’, 1922, p. 526). 
‘* When quite fresh, teak hardly floats, but when seasoned it 
floats easily and the oil in the wood prevents its getting water- 
logged’’ (ibid., p. 681). He further states that ‘‘the durability is prob- 
ably due to the large amount of oil contained in the wood. This 
oil is used medicinally as a substitute for linseed oil and as a varnish, 
but it would seem that its extraction as an oil is difficult, but as 
a tar comparatively easy’’ (p. 532). Similar observations have been 
made by other writers. Vanstone (‘‘ Indian Woods in the Raw Mate- 
rials of Commerce’’, 1929, Vol. I, p. 380) says that ‘‘teak is immune 
from attacks of white ants and is extremely durable in most climates. 
When once seasoned it does not warp, split or crack, and is un- 
affected by contact with iron, owing to the presence of an oil.’’ 

From the above it is apparent that considerable confusion exists 
in forestry literature regarding the oil obtained from teak and the 
supposed use of ‘teak oil’ as a substitute for linseed oil would suggest 
that it is of the nature of a fixed oil. There is practically no refer- 
ence in chemical literature about the oil obtained either from the 
wood or from the seeds, except that by Romanis (J. Chem. Soc., 
1887, 51, 868) who failed to extract any essential oil from teak wood. 
There is no doubt that teak wood is attracted by insect borers (white 
ants, etc.), to much less extent than other common woods and this 
immunity is probably due to resinous and tarry matters which 
Romanis (loc. cit.) has reported. It is interesting, therefore, to 
find eut if the seed oil has any constituents that might prove of 
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value as an insecticide. For this purpose the seed oil has been 
examined but the results obtained do not appear to indicate any 
constituent, besides the resin acids, to which the insecticidal value 
could be attributed. The total oil found to be present in the seeds is 
0°23% only, of which 5% are resin acids, the quantity of the acids 
being small their exact identity could not be established. 

The teak seeds used in this investigation were obtained from 
Burma. They had a hard and tough shell containing 4 to 6 kernels 
a piece of the size and shape of sesame seeds. Ten seers (20 lbs.) 
of the seed shells on being crushed yeilded 50 g. of the kernels which 
on extraction with ether produced 20°45 g. of a bright red oil. Thus the 
oil is 41% of the kernels and 0°23% of the seeds. Steam distillation 
of the seeds yielded no essential oil but only an insignificant amount 
of a whitish flocculent matter. The red colour of the oil appears to 
be due to the colouring matter of the shell. The following are the 
general characteristics of the oil. 


Consistency... one ove Liquid 
Colour ar ne ren Bright red 
Sp. gr. at 20°... a ae 0°9218 
Refractive index at 25°... awe 1°4655 
Iodine value (Hanus) eae _ 107°5 
Saponification value pia és 194°5 
Hebner value ose ee 98°2 

Acid value ove dian _ 31°7 
Acetyl value... oe eee 146°1 
Unsaponifiable matter ye “ee 125% 


Composition of the fatty acids.—10 G. of the mixed acids, from 
which the unsaponifiable matter had been removed, were separated 
into the solid and liquid acids by the Twitchell’s method with the 


following results :— 


(A) Acids whose lead salts were insoluble in boiling 95% alcohol 
in the presence of acetic acid (mostly resin acids) os 0°5 g. 


(B) Solid acids ee eee on ne 2° 


(C) Liquid acids on ess - - 70 
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Chemical constants of the mized acids. 


Mean M. W. 278 

Todine value (Hanus) 109 lodine value. M. W. 
Resin acids 5% 80°5 288 
Saturated fatty acids 25% 3°8 275 
Uusaturated ,, ,, 70% 146 


The amount of saturated and unsaturated acids being small, 
attempts were not made to separate and identify the individual acids 
by their fractional crystallisations or the fractional distillation of 
their methyl esters. In the case of liquid acids it was found that 
on standing the iodine value fell from 146 to 63, making the acids 
viscous and much less soluble in petroleum ether. The data record- 
ed above appear to indicate that the solid acid portion consists mainly 
of stearic and palmitic acids and the liquid jacid portion consists 
mainly of oleic and linoleic acids. 


Forest RESEARCH INSTITUTE, 
Degra Don, Received May 24, 1988. 
























Colloid Chemical Analysis. Part II. 


By JNANENDRANATH MUKHERJEE, SATYAPRASAD RoycHOUDHURY, 
Saroy Kumar Das-Gupta, AmiyA Kumar Sen, BIMALRANJAN 
MazuMDAR AND AsUTOSH CHATTERJEE. 


In the introduction to the first paper (J. Indian Chem. Soc., 1931, 
8, 873) attention has been drawn to the uncertainties regarding the 
fundamental concepts concerning the electrical properties of colloids. 
The present paper deals with further experimental work. Theoretical 
considerations relevant to the subject matter of this paper are briefly 
referred to as they will be discussed in a series of papers to appear 
in the Kolloid Zeitschrift (cf. Mukherjee, Kolloid Z., 1933, 62, 257; 
1933, 68, 36). 


A. Theoretical Considerations. 


1. The Helmholtz-Smoluchowski theory of cataphoretie motion 
gives the specific conductivity, K, of a colloidal solution, free from 
intermicellary electrolytes and neglecting the conductivity of the ions 
of water, as follows :— 


K,=C.u = " w (1) 


Cis the number of electrochemical equivalents of free charge 
catried by the colloidal particles per ¢. c. which is equal to that 
carried by the mobile ions and u is the equivalent conductivity of 
the charged colloidal particle, i.e., the cataphoretie speed multiplied 
by F, the Faraday quantity of electricity. According to this theory 
the mobile ions take no part in the transport of electricity and their 
transport number is zero while that of the charged colloidal particle 
is unity. On the other hand according to the chemical school, built 
up by Duclaux, MacBain and Pauli and coworkers, (vide Pauli and 
Valko, ‘‘ Electrochemie der Kolloide,’’ 1929, for a systematic 
exposition) the specific conductivity is given by the following equation 


K,=C (u+v) eee eee eee (2) 
where K,, C and u have the same significance as in equation (1) and 
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v is the equivalent conductivity of the mobile ions which are assumed 
to be all of the same kind. 

2. The difficulty of ascertaining which of these equations is con- 
firmed by observations rests on the uncertainty of determining the 
value of C and toa less extent of v. In most colloidal solutions 
intermicellary electrolytes* are present and the ions associated with 
the colloid are often partly present as mobile ions in the inter- 
micellary liquid. The specific conductivity K of such solutions is 


given by 
K=K,+Kg, one oe ss 


K, and K, are respectively the specific conductivities of (a) the 
charged colloidal particles and their mobile ions and (b) of the 
intermicellary electrolytes. In order to ascertain the conductivity 
and composition of the charged colloidal particles and their associated 
ions, Duclaux, Zsigmondy and MacBain and coworkers assumed 
that the ultrafiltrate has the same composition as that of the 
intermicellary liquid. From the differences in the conductivity and 
composition of the colloidal solution and of the ultrafiltrate, those of 
the colloid and associated ions are calculated. Pauli pointed out, 
that the ultrafiltrate should not, from the point of view of Donnan’s 
theory of membrane potential, have the same composition as the 
intermicellary liquid. He made simultaneous measurements of 
the activities of ions in the solution. The experimental results 
which follow show how far-reaching changes can be produced 
by ultrafiltration (cf. Part I, loc. cit.). Unfortunately the activity 
coefficients of ionsin these solutions are unknown. A _ further 
complication arises from the well known fact, established by the 
work of Duclaux and MacBain and his coworkers, that part of the 
ions carrying a charge of opposite sign to that of the colloidal 
particles moves with the latterin an electric field. The chemical 
school in analogy with the usual concepts of electrochemistry 
interprets this fact as indicating incomplete dissociation (classical 
theory), or, complete ionisation together with a limited association of 


* Duclaux designated the charged colloidal particle together with the associated 
mobile ions (formed by dissociation in his opinion) as a micelle (vide Zsigmondy, 
Kolloid chemie, 3rd Edition, 1920. p. 126). The ‘free’ electrolytes present in the 
sol other than the charged colloidal particle and the associated mobile ions were also 
designated by him as intermicellary electrolytes. 
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ions (Pauli and Valko, loc. cit.), At any rate since the same ions 
are present in most cases as mobile ions and also as ions of the 
intermicellary electrolytes, the actual concentration of the mobile 
ions as such is less and different from their total concentration in 
the sol. 

8. Whereas the chemical school deals with the activities, con- 
ductivities, molecular and ionic constitution and related properties, 
they are rather cursorily discussed in orthodox text books of colloids, 
The so-called physical school is concerned mostly with potentials 
of the double layer, its thickness, capacity and changes in interfacial 
tension. The distribution of the electric charges is considered as in 
metallic condensers and the actual distribution of the ions is over- 
looked. The properties of the primarily adsorbed ions including 
their valencies and the equilibrium distribution of ions between the 
surface, the mobile layer and the solution, appear to be the main 
factors whose detailed consideration is necessary for a proper under- 
standing of the electrical properties of colloids. A rational picture 
of the double layer and the equilibrium distribution of ions on this: 
basis was first discussed by one of us in 1921 (Mukherjee, Trans. 
Faraday Soc., 1921, 16, 103) and the general outline given there has 
been developed in subsequent papers. According to this point of 
view one would expect a characteristic behaviour of colloidal solutions. 
Briefly stated, the differences with usual simple electrolytes arise 
out of the distribution of the electrical charges, the adsorption (pri- 
mary and electrical) of ions and the ‘non-homogeneous’ (in the sense 
of Gibbs’ phase rule definitions) nature of the interface. For ex- 
ample, mobile ions are thickly distributed adjacent to the colloidal 
particles and in addition to interionic attraction, formulated by one 
of us as electrical adsorption (loc. cit.), also interionic repulsion has 
to be considered (vide Mukherjee, Thesis, University of London, 
1921). The electrical potential of the region in which the ion finds 
itself is a factor determining the activity coefficient of an ion and the 
manner of distribution of the electrical charges determines this 
potential. Irreversible and reversible changes arising out of the 
agglomeration also take place. Besides, the activities of the pri- 
mary and electrically adsorbed ions, which are either ‘actual’ or 
‘possible’ components of the surface (in the sense in which these 
terms have been defined by Gibbs) cannot be interpreted without re- 
ference to the interaction with the surface (Proc. Ind. Science Con- 
gress, 1929, p. 96). This does not necessarily imply that the activity 


4 
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coefficient is not, in suitable cases, determined by the electrical 
potential. Another point of difference may be mentioned. It arises 
out of what is meant by the valency of the charged colloidal parti- 
cles, the ‘‘colloidal’’ ions of the chemical school (Pauli end Valko, 
loc. cit., give values forthe valency from 10 to 200,000). The 
total free charge of a colloidal particle is evidently the sum of the 
charges carried by the primarily adsorbed ions on its surface. Assum- 
ing the latter to consist only of ions of one kind, the total free charge 
would be given by the product of the valency of each ion with the 
number of such ions on the surface of the particle. According to the 
chemical school the total free charge denotes the valency of the 
‘colloidal’ ion. It appears that the valency of the primarily adsor- 
bed ions is the more important factor and the valency (i.c., the 
total charge which from analogy with electrolytic ions gives the 
valency) of the ‘colloidal ion’ as a whole has a secondary significance. 


B. The Discrepancy between Activity and Conductivity Measure- 
ments in Colloidal Solutions. 


1. The measurements of activities and conductivities of ferric 
oxide sols given in Part I (loc. cit.) show that it is difficult to reconcile 
the observed activities with the conductivities; the latter are too high. 
The hydrogen ion activity in this sol cannot be directly measured and 
was determined after coagulation with solid potassium sulphate 
following Pauli who used potassium chloride. Pauli and Valko (loc. 
cit., p. 309) also mention that the observed conductivity is high and 
in some cases requires the assumption of an equivalent conductivity 
of 118 at 25° for the positive carriers other than hydrogen ions. As 
no such cation has so far been discovered, this in itself is an obser- 
vation of considerable interest. 

2. The following table gives the conductivities calculated 
from the measurement at 20°5° given in Part I (loc. cit.). 
The specific conductivities in column 3 (Table I) have been calcu- 
lated as follows: From the experimentally measured activities of 
the chlorine ions, their total concentration in the sol in the free state 
is calculated on the assumption that the activity coefficient is unity. 
The concentration calculated perc. c. multiplied by the equivalent 
conductivity of chlorine ions at infinite dilution at 20°5° gives the 
contribution of these ions to the specific conductivity. The activity of 
hydrogen ions measured after coagulation gives similarly their contri- 
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bution to the specific conductivity. Assuming the chlorine ions to be 
the only negatively charged carriers of electricity, the equivalent con- 
ductivity of all the positively charged carriers is given by the excess 
of the concentration of chlorine ions over that of the hydrogen ions. 
The positively charged carriers are the charged collodial particles and 
possibly usual electrolytic ions containing iron, ¢.g., ferric ions. As 
the relative concentrations of these ions are unknown, the contribu- 
tion of the positively charged carriers has been calculated assuming 
either that there are no electrolytic ions containing iron or that there 
are only ferric ions and no other positively charged carriers. 

The following equivalent conductivities at infinite dilution at 20°5° 
have been used: H°=327; Cl/=703; 4 Fe** = 64. The cata- 
phoretic speed was directly measured by the boundary methods. 
The large values of the equivalent conductivity cannot be reconciled 
with the activity measurement. 





TaBLE I, 
Dilation Kobs. Eeale. x 104. K obs. / K cake. fAot. 
X. x14. ———..--——- cl, 
Colloid Ferric rv —_ 
ions (1) ions (2) (1) (2) (1) (2) 
7 t) Y 5 
10°39 4°41 4°69 2°36 2°26 80°5 270°7 21°5 235°7 


1 

2 5°60 2°97 359 =61'88 1°56 54°17 20374 182 16674 
4 3°08 1:37 166 8 2°25 1°86 703 9248 403 213 
6 217 0°93 110 82°33 1°96 763 259°3 493 232°3 


11 1:18 0°59 070 8 8=©2°00 17 76°1 2061 621 18211 


The equivalent conductivities y and 6 of the chlorine ions have 
been calculated in two ways: assuming that besides hydrogen ions 
there are (i) only charged colloidal particles which carry positive 
electricity and (ii) that alternatively only ferric ions are present. 
The equivalent conductivity [A,] ¢) #8 given as follows: 


[4+ ]q = 4 - [a+ Jeon eee oe 


where A, is the equivalent conductivity of the ‘‘colloid’’ chloride 
and [ A,,] for ‘coll,’ or, } Fe’ , is that of the ‘‘colloidal”’ 
ions or of the ferric ions. A, has been calculated in two ways: 
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namely, (2) by subtracting the concentration of the hydrogen ions, 
Cx° from Noy’, the total chlorine concentration; this gives the total 
chlorine associated with the colloid ( y value) ; and (b) by subtracting 
Cy° from Co; the concentration of the free chlorine ions (calculated 
from the activity as stated above). 





_ 1000. (K - Kuc) 
A» Ney ais Cy wee Y 

! 6 
Ae = 1000. _ (K ee Kuci) iin | 


Cor — Cy J 


The equivalent concentration of ‘colloid’ ions or of ferric ions is 
given by Cc’ — Cn’. 

8. In Part I (loc. cit.) a method has been indicated for testing 
experimentally the hypothesis that the surface density of charge runs 
parallel, within certain limits, to the cataphoretic speed. This 
proposition can be reconciled with the Helmholtz-Smoluchowski and 
the Debye-Hiickel theories of cataphoresis (Mukherjee, Kolloid Z., 
1933, 62, 263). In view of the uncertainties in determining C and 
the activity and conductivity coefficients it is not possible to apply 
this method till these quantities can be unequivocally ascertained. 
Other sources of evidence in support of this hypothesis will be 
discussed elsewhere (Kolloid Z.). In order to reconcile the varia- 
tions of the cataphoretic speed with this hypothesis, the following 
assumptions were made (the concentration of the colloidal particles 
is taken to be proportional to the dilution) : 


(a) The positively charged carriers in the sol consist of hydrogen, 
ferric (and perhaps other electrolytic ions containing iron) ions and 
charged colloidal particles. The equivalent concentration of the 
latter is comparatively small and the observed chlorine ion activity 
may be attributed to the free chlorine ions, associated with the 
ferric ions and with the hydrogen ions. 

(b) The activity and conductivity coefficients are unity. 

(c) The mobility of the charged colloidal particles is to be 
increased by a constant factor assumed in the calculation to be 
equal to that of the chlorine ions. The last assumption is quite 
arbitrary. The above illustrates that the interpretation of the 
activity and conductivity measurements constitutes the first step 
towards the theoretical elucidation of the subject. 
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4. Pauli and Valko (loc. cit., p. 311) refer to the advantage 
which aluminium oxide sols possess in that the activities of both 
hydrogen and chlorine ions can be measured. They show (Pauli and 
Valko, loc. cit., pp. 311-314) that the equivalent conductivity in- 
creases regularly with the dilution and that the ratio of the equivalent 
conductivity to the equivalent activity is constant (vide column 4 of 
Table II which reproduces their data). The constancy of this ratio 
signifies that throughout the range of dilutions the conductivity 
coefficient also varies proportionally. Such a coincidence will be 
remarkable even for a true electrolyte and a difference and nota 
strict proportionality is expected on theoretical grounds. Besides, 
the assumption that all the chlorine atoms exist as free ions requires 
independent experimental proof. 


TasBLeE II. 


Aluminium ozide sol (Pauli and Valko). 


Dilution Equivalent con- Equivalent Ratio of equivalent Activity 
X. ductivity of chloridion conductivity coefficient. 
‘colloid’ chloride. activity x 10‘. to activity. 

1 54°82 281 19°5 0°387 
2 59°74 301 198 0°392 
4 64°75 318°2 20°5 0°440 
8 71:13 548°0 20°4 0°492 
16 79°11 370°6 20°3 0°516 
32 84°85 394°5 21°5 0°547 
64 91°0 421°5 21°6 0°598 
128 97°17 469°9 20°6 0°619 
256 105°4 483°8 21°8 0°761 


5. On calculating their results differences are observed between 
the measured and calculated conductivities (Table III). It will also 
be seen that the equivalent conductivity at infinite dilution, calculated 
on the assumption that the activity coefficient is equal to the con- 
ductivity coefficient, regularly decreases at the higher dilutions, 
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TaBe III. 
Dilution. Sp. conductivity x 10° stig ta inka dite 
Xx tion at 25°. 
Obs. Calc. 
1 400°2 345 141°7 
2 218°9 1761 152°4 
4 119 99°4 1471 
8 66°3 56°3 1445 
16 874 30°2 153°3 
32 20°13 16°6 155'2 
64 11°36 9°47 152°2 
128 64 56 1431 
256 3°6 3°26 137°4 


The following equivalent conductivities at 25° have been used in 


the above calculations: H'=350, Cl=75, 1/3Al"*=47. The 


equivalent concentration C,/,,)---, of aluminium ions has been 
taken to be equal to C .,,—C 


BH’. 

6. The hydrogen ion concentrations of these aluminium oxide 
sols are relatively large. Tree aluminium ions in solution are pro- 
bably stable below a px equal to 4 (Britton, ‘‘ Hydrogen Ion Con- 
centration ’’, 1929) and it is difficult to ascertain the relative propor- 
tion of the positive charges carried by aluminium ions and colloidal 
aluminium oxide. 


C. The Characteristic Behaviour of Colloids. 


Pauli and Valko (loc. cit.) have discussed other observations 
which show that the conductivities and activities of ions of these 
colloidal solutions are often difficult to reconcile with each other as 
also with their osmotic pressures. They, however, conclude (loc. cit. 
p. 317) that the modern theory of interionic attraction together with 
the assumption of a suitable association factor can explain these 
differences. The data given in the following pages show that the 
activities of the ions of these solutions cannot be reconciled with the 
conductivity. Indeed both the chemical and physical theories fail to 
account for the observations. These colloidal solutions in fact behave 
in a manner which characterises them. 
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The experimental work recorded in this paper deals with the 
following subjects : 


EXPERIMENTAL. 


(a) The ultrafiltrate of aluminium oxide sols having a relatively 
high hydrogen ion concentration has been analytically examined. 
Free aluminium ions are possibly present. The conductivities and 
the activities of the ions of a number of aluminium oxide sols having 
increasing py values have been measured and the cataphoretic 
velocity of the colloid has been also measured by the boundary 
method. One sol has been titrated with baryta and the change in 
conductivity, pu and chlorine ion activity has been measured 
simultaneously. 

(b) Similar measurements have been made with silicic acid 


sols. 


I. Experiments with Sol A. Aluminium Ozide Sols. 


Preparation of the sol.—The sol was prepared by adding to a 
litre of normal aluminium chloride solution slightly less than the 
equivalent amount of normal ammonia solution. A precipitate 
was formed which on vigorous stirring was stopped and on keeping 
overnight a perfectly clear sol was formed. The sol was dialysed 
in a parchment paper against repeated changes of hot distilled water. 
After dialysis had been continued for about a month and a half 
the sol was found to be turbid and more suitable for measure- 
ments of charge by the boundary method. The dialysis was 
then stopped. 

Measurements of cataphoretic speed.—The cataphoretic speed 
of the colloidal particles was measured by the method of moving boun- 
daries as modified by Mukherjee (Proc. Roy. Soc., 1923, 108A, 102). 
Aluminium hydroxide sol, however, being colourless, a dark back- 
ground illumination was devised which enabled the boundary to 
be distinctly visible. For upper liquid a hydrochloric acid solution 
was prepared having the same px as the sol. To this acid solution a 
concentrated solution of aluminium chloride was added drop by drop 
until the resulting mixture was of slightly greater con- 
ductivity than that of the sol. By this procedure the 
potential gradient and also the upward and downward 
movements of the boundary was found to remain constant. For the 
sake of comparison the ultrafiltrate was also employed as the upper 
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liquid. In this case also the potential gradient remained remarkably 
constant and the upward and downward movements of the cataphore- 
tic speeds agreed with the results obtained when the other procedure 
was employed. 

Measurements of chlorine ion concentration.—The concentration 
of chlorine ions was determined by means of silver—silver chloride 
electrodes. The electrodes were prepared according to the method 
of Noyes and Ellis (J. Amer. Chem. Soc., 1917, 39, 2532). 

Determination of total chloride.—The total chloride of alu- 
minium hydroxide sol was determined by potentiometric titration 
with a standard solution of silver nitrate. A concentration cell was 
set up with the solution whose total chloride was to be determined 
and a saturated AgCl solution as the other electrode. Both the solu- 
tions contained 5% KNO,;. The connecting salt bridge was a satu- 
rated solution of KNO,;. The E.M.F. gradually decreased and when 
all the chloride was precipitated by AgNOs, the sign of the H.M.F. 
was reversed. The end points were read off from the graphs as 
usual. 

Hydrogen ion concentration.—The hydrogen ion concentration 
of the sol was determined by means of a hydrogen (quinhydrone 
was also used) electrode. A normal calomel electrode and a K-type 
Leeds Northrup potentiometer were employed. 

The ultrafiltrates.—35 C.c. of the aluminium hydroxide sol 
was filtered through ultrafilters prepared from a high concentration 
of collodion in an open pattern nickel plated apparatus and 25 c.c. 
filtrate collected. This is the first portion of the filtrate. The sol 
left on the ultrafilter was collected separately. Again 35 c.c. sol 
were placed on the filter and filtered till 25 c. c. of the fresh filtrate 
were collected. This is the second portion of the filtrate. The sol 
left on the filter this time was mixed with that of the previous oper- 
ation and the mixture constitutes the ‘residual’ sol. 


TaBLe IV. 
Camposition of the sol. 


Sp. conductivity Activity of Cl ion Total chlorine Hydrogen ion 
x 103, x 10?. 


x 102, conc. x 10°. 
A 1°25 11 1°15 0°155 
A/2 0°690 0°6 0°567 0°132 


0°221 0°2 0°215 0°0933 
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TABLE V. 


Composition of the residual sol. 


Sp. coducti- Activity of Total chlo- Hydrogen 
vity x 10°. Cl’ ion x 107. rine x 107, ion cone. x 104. 
A 1°42 1°41 0°32 1°12 
A/2 1°03 0°77 0°83 1°02 
A/6 0°885 0'28 0°29 0°813 
TaBieE VI. 
Composition of the ultrafiltrate (first portion). 
A 0°89210 O°741 0°650 0°468 
A/2 0°578 0°407 0°363 0°398 
A‘6 0°189 0166 0°135 0°347 
TaBLe VII. 
Composition of the ultrafiltrate (second portion). 
A 0°949 0°813 0°741 0°617 
A/2 0°590 0°457 0°285 0°490 
A/6 ae on 0°148 we 


TaBLeE VIII, 


Cataphoretic speed of aluminium hydrozide sol with dilution 





Temp. 35°. 
Upward Downward 
Uppper Dilution. Pot. gradient Rate of mi- Pot. gradient Rate of mi- 
lig. volt/cm gration in volt /cm. gration in 
cms. per cms. 
Before After sec. per Before After per sec. per 
move- move- volt/cm. move- Move- volt/cm. 
ment of ment of x105, ment of ment of x105, 
boundary. boundary. boundary. boundary. 
Ultra- 
filtrate A 0°617 0°626 34°26 0°658 0°632 34°65 
A/6 0°74 0°747 88°1 0°742 0°696 41 
HCl + 
AlCl; A 0°638 0°629 31°9 0°654 0°6383. «= 33°9 
A/2 0°724 0°708 44°5 0°691 0°68 44°2 
A/6  0°782 0°712 40 0°69 0°681 43 


Changes on ultrafiltration.—In aggreement with the results 
obtained with Fe,O, sols the ultrafiltrate has a different conductivity 
and composition than the original sol. The conductivity of the resi- 
dual sol is, however, greater but that of the ultrafiltrate is less. 
With the ferric oxide sol the residual sol after ultrafiltration had a 
smaller conductivity (Mukherjee, Roychoudhury and Biswas, loc. 
cit.). The Cl’ ion concentration of the residual sol is greater with 


5 
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both sols. Thus with the ferric oxide sol an increase of the Cl’ ion 
concentration and the oxide content results in the diminution of the 
conductivity of the residual sol whereas with the Al,O, sol an in- 
crease is observed. Evidently the distribution of the ions (Cl’, Al** 
and H’) between the intermicellary liquid and between the ‘ liquid ’ 
and ‘ solid ’ sides of the double layer determines the properties of 
the sol. The total interface and the pa range giving the stability 
of the cations of the oxide also play an important réle. It is not 
possible to specify the properties of such a sol unless we have 
definite knowledge of these factors which are responsible for the 
difference between the results of the two sols. Within the observed 
pu range the Al “ions are stable (pa 3°5, 4°6) and it is not sur- 
prising that the total Cl and the Cl’ ion concentration have practical- 
ly the same value. The sol is rich in electrolytes and the ultrafil- 
trate contains aluminium and hydrogen chlorides. The constancy of 
the potential gradient with the ultrafiltrate as the upper liquid (vide 
Table VIII) is to be attributed to the fact that the amount of the 
current carried by the colloid particles is small compared with that 
carried by free electrolytes.* 

Analysis of the aluminium oxide sols.—The results given 
above are summarised in the following table; u, the cataphoretic speed 
of the colloidal particles; U the cataphoretic speed multiplied by one 
Faraday; Kobs., the observed specific conductivity; Cci’, the activity of 
Cl’ ion; Nci the tota! chloride concentration; Cy’, the concentration 
of H’ ion; Cyar the concentration of +Al*** (assuming that 
Cua =C.y —Cy: ). 


TaBLE IX, 


Dilution. u x 1075. U. K obs. Coy. Noa. Cae. Coal 
A 37°3 86°5 0°00125 0011 0°0106 §=0°000155 0°010845 
A/2 48°0 46°34 0°00069 0°00617 0°00567 0°000132 0°006038 
A/6 41°3 39°87 0°000221 0°00234 0°00215 0°0009383 0°0022467 


II. Experiments with Sols D, L and M. 


Preparation.—A__ precipitate of aluminium hydroxide was 
obtained by adding one litre of 0°1N-ammonia solution to 1 litre of 


* Mukherjee, Roychoudhury and Biswas (loc. cit.) have shown that the ultra- 
filtrate of the sol is not always satisfactory as an upper liquid for cataphoretic 
measurements by the moving boundary method. 
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0°1N-aluminium chloride. The precipitate was washed with con- 
ductivity water 9 times with the help of a powerful centrifuge. The 
containers were of borosilicate glass. The supernatant liquid was 
thrown off and the precipitate resuspended in conductivity water. In 
the last two washings the precipitate was suspended in 600 c.c. of 
water. The supernatant liquid containing colloidal aluminium oxide 
after the last operation of the centrifuge, was allowed to stand for 15 
days and the stable sol consisting of the supernatant liquid was 
siphoned off (sol D). The precipitate in the container was mixed 
with 50 c.c. of water and 30 c.c. of the suspension were divided into 
portions of 10 ¢.c. each. All three were diluted with 500 c.c. of con- 
ductivity water. Toone of these three no hydrochloric acid was 
added: the sol thus obtained gives sol Ky. To the other two, 5 c.c. 
and 1 ¢.c. respectively of 0°005N-HCl were added and the sols thus 
obtained give sols I., and M, respectively. The object of the repeat- 
ed washings was to remove traces of ammonia as far as possible. 
400 C.c. of sol Lg was diluted to 1600 c¢.c. with conductivity water 
and stocked in an atmosphere of hydrogen free from carbon dioxide, 
or air. This sol is sol L. Sol M was similarly obtained from sol My. 

The accuracy of the chlorine ion activities.—It has been seen 
in Part I that calomel and silver chloride electrodes give reliable 
and mutually agreeing values of the chlorine ion activity. The 
measurements of the chlorine ion activity in dilute hydrocloric 
acid solutions by the calomel electrode is rendered uncertain on 
account of the reaction of the dissolved oxygen (Mukherjee and 
Kumar, J. Amer. Chem. Soc., 1930, §2, 2179). The agreement 
between the calomel and silver electrodes mentioned above shows 
that in colloidal solutions of ferric oxide this disturbing effect is negli- 
gible. It was, however, thought desirable to prepare silver chloride 
electrodes in the several ways used by previous workers for the most 
accurate measurements and to compare the results so obtained with 
those with calomel electrodes. The chlorine ion activities of hydro- 
chloric acid at two dilutions were measured with these electrodes and 
care was taken to render the system free from oxygen. The E.M.F. 
of the ‘‘ concentration ’’ cell is reproducible within 0°1 millivolt. 
The following data show the agreement between tested silver chloride 
electrodes and the calomel electrode : 


cell: Ag/AgC1/0°0009353N-HCI/sat. KNO 3/*009353N-HCl1/AgCl/Ag 
Observed E.M.F.=0°0610 volt at 35°. 
With Hg/HgCl electrode: E.M.F. observed =0°0595 volt. 
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The E.M.F. calculated from the activity coefficients given by 
Randall and Young for 25° (J. Amer. Chem. Soc., 1928, 80, 989) is 
0°05943 volt. 

The concentrations of the free chlorine ions of sols L and M 
calculated from the observed activities are very low (of the order of 
10-5). It is well known that the measurement of chlorine ion acti- 
vities by the silver—silver chloride or calomel electrodes at such low 
chlorine ion concentrations of simple electrolytes (e.g., hydrochloric 
acid or potassium chloride) is uncertain. Both the silver—silver 
chloride and the calomel electrodes, however, gave activities which 
agree sufficiently well with each other. The E.M.F.s actually 
observed against 0°009353N-HCI are given below. 

The cell combination was as follows: 


Ag/AgCl/sol/sat. KNO3/"009353N-HCl/AgCl/Ag 
+ = 


also 


Hg/HgCl/sol/sat. KNO3/°009353N-HCl/HgCl/Hg 
+ - 


TABLE X. 


Aluminium hydrozide sol, sample L. 








Dilution. Ag—AgCl Electrode. Hg-—HgCl Electrode. 
~ _— 
Time. E.M.F. Time. E.M.F. 
in volts. in volts. 
L 2.45 p.m. 0°1220 1-45 p.m. 0°1420 
3 0°2075 2 0°1420 
3-15 0°1425 
3-30 0°1425 
L/2 4 00750 2-15 0°1285 
4-15 0°1210 2-45 0°1370 
4-30 0°1380 8-15 0°1370 
4-45 0°1380 
L/4 5 0°1075 bd 0°1195 (constant value) 
5-15 0°1195 
5-30 0°1195 
L/6 4-15 00625 ® 0°1090 
5 0°0705 0°0720 
5-15 0°0705 0°1095 
0°1095 


0°1140 (constant value) 


* The time readings were not taken. 
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TaBLe XI, 
Aluminium hydrozide sol, sample M. 
Dilution ... Sa M M/2 M/6 M/11 
Ag—AgCl electrode } ...0°1809 (const. value) 0°2073 0°2080 0°2760 
E.M.F. in volts. $§ 
Hg — HgC! electrode } ...()"1802 (const. value) "2040 0°2045 0°1877* 


E.M.¥. in volts. 3 

The concentration of the total chloride was determined as 
before by electrometric titration which gives the best reproducibility. 
In some cases the chlorine ion activity of the sol treated with nitric 
acid and diluted to a known volume was also measured and the 
concentration was calculated. Care was taken to avoid loss of chlo- 
rine in dissolving the colloid in nitric acid. Volhard’s method was 
also used. Electrometric titrations give the best results. 

The arrangements for stocking the sol in an atmosphere 
of carefully purified hydrogen as also the difficulties arising out of 
the presence in the sol and leakage of carbon dioxide in titrations with 
alkali have been described elsewhere (Mukherjee, Roychoudhury, 
Das-Gupta, and Chatterjee, Ind, Journ. Agric. Sci., 19382, 2, 688), 
The arrangements for simultaneous measurements of chlorine and 
hydrogen ion activities as also of the conductivity in an atmosphere 
free from oxygen or carbon dioxide in such titrations, of sol D 
have been described in the above paper. Only the results are given 
in this paper. 

In the following tables the symbols have the significance given 
below : 

Co = the concentration of chlorine ions in g. ions per litre 
calculated from the observed activity assuming the activity co- 
efficient to be unity. 

Nq = the total chlorine concentration in g. atoms per litre. 

K.»s = the measured specific conductivity; u = the equivalent 
conductivity of the charged colloidal particles obtained from the 
measured cataphoretic speed. 

Cy = the concentration of hydrogen ions calculated as in the 
case of the chlorine ions. 

Ceolt or Cza1"**= the equivalent concentration of the charged 
colloidal particle or the aluminium ion calculated as in the case of 
the ferric oxide sols (Part 1); the symbol K stands for specific 
conductivities. The dilution is given as the ratio of the volume of 
the resulting sol to the volume of the initial sol. 


* A very unsteady reading was obtained, 
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TaBLeE XII. 


Sol. Dilution. K 


obs * 20. Ccl’ x 105. Noi x 105, Cue x 105, u. 





Hg/Hgcl Ag/Agcl 


D Nil 4°94 — 217 2°45 0°457 25°3 
L “ 0°131 4°01 8°95 40°4 0°0097 

, 2 0°0887 4°85 4°62 20°2 0°0155 

om 4 0°0764 9°57 9°39 10°1 0°0182 

= 6 0°0606 11°56 Unreliable 6°7 0°018 

M Nil 0°0546 0°9541 0°928 9°13 0°107 

= 2 0°0506 0°3886 0343 4°57 0°0158 

- 6 0°0415 0°3816 0°334 1°52 0°01 

_ 1l 0°0406 Uncertain 0°83 0°00048 


The agreement in the determination of the total chlorine in 
suitable cases by the different methods mentioned above is illustra- 
ted by the following data for sol I. 

Volhardt’s method: 3°95x10-* ;  electrometric titration 
4°04 x 0-4. 

The aluminium contents of these sols in g. moles of aluminium 
oxide per litre are as follows: 

sol= 0°000122 ; sol L=0°000334 ; sol M=0°00037. 


III. Experiments with Silicic Acid Sols. 


The electrochemical properties of colloidal solutions of acidic and 
basic substances and of suspensions of such substances are being 
investigated in this laboratory with reference to a theoretial elucida- 
tion of the titration curves and allied reaction of colloidal acid clay. 
Details of these experiments are given elsewhere (Mukherjee and 
coworkers, Ind. Journ. Argric. Sci., 1982, 2, 639 and results to be 
published later). For the purposes of the present paper measure- 
ments similar to those described above and carried out with a silicic 
acid sol (S) * and its dilutions are given below. 


TaBLe XIII. 

Dilution. Ky), * 104. Co * 1A, Noy x 108 C ye x10. Nyy * 104, uw x 105. 
8. 11°2 41°8 52 83°2 54 waa 
$/2 5°93 21°4 a 10°7 ie 16°5 
8/6 2°57 7°3 ae 2°2 a 10°3 


The method of preparation of the sol is as given by Mukherjee, Roychoudhury 
Das-Gupta and Chatterjee (Joc. cit.). 
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Calculations. 


In the following calculations the equivalent conductivities at 
infinite dilution and at 35° have been assumed to be as follows: 
For sol A, its ultra filtrate and residual sol, sol D and the silicic 
acid sols, H'=404; Cl/=93; 1/8 Al-*=55; Na* =64; for sols L and 
M and their dilutions the values have been used as follows: H° 
= 397°5; Cl/=89°6; 4 Al‘’**=53°6. The broad conclusions arrived at 
are not affected by uncertainties in these values and by the limits of 
experimental error. 





TaBLe XIV. 
Aluminium ozide sols, 
Sol. K obs. x 104. K calc. x 104. 4, 
r “~ ~ rem 
Al’ Coll. 7 8 
(1) Hg/HgCl. (2) Ag/AgCl. Ag/AgCl. 
A 12°5 vee 168 148 103 108°2 
A/2 69 me 9°34 8°83 113 104°5 
A/6 2°21 snl 3°29 2°94 85 92°1 
A ultra l 8°92 one 11°13 aco oe 117 
A/2 ultra 1 5°78 ales 6°16 e one 137 
A/6 ultra 1 1°89 ion 2°67 = _ 103 
A ultra 2 9°5 “_ 12°25 eve — 114 
A/2 ultra 2 5°9 ses 6°94 one eee 125 
A ‘residual’ 14°2 és 21°3 ae pom 90°83 
A/2 ‘residual’ 10°3 ee 11°8 on ran 122°8 
A/6 ‘residual’ 3°85 mn 4°43 in «12865 
D 0°494 one 0°048 0°048 184 156 
L 0°0131 0°0574 0°0569 eco 31 32°5 
L/2 0°00887 0°0693 0°667 eco 4°0 176 
L/4 000744 0°137 0°134 on 68 72 
L/6 0°00606 0°1661 0°0852 ae 77 4°5 
M 0°00546 0°01719 0°01696 ow 0°27 8°02 
M/2 0°00506 0°00586 0°00545 ont 94 «©1381 
M/6 "00415 0°00555 0°00512 os 242 113 
M/11 000406 pa ne me 78 
TaBLe XV. 
Silicic acid sol. 
Dilution. Kops, * 10. Enaic, * 10. Kop. /Keaic, 
s 11°2 42°9 0°261 
8/2 5°93 8°32 o-71 


8/6 2°67 2°32 ll 
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The silicic acid sol was prepared by dialysis from sodium silicate 
and hydrochloric acid and contained sodium chloride. 


Discussion. 


The calculations given above show that there is a discrepancy 
between the observed and calculated conductivities. ‘The observa- 
tions with the ultrafiltrate and the residual sols also show a discre- 
pancy. Greater care was taken in the measurements with sols D, 
L and M, and those with A formed the first measurements. It will 
be seen (a) that the observed conductivity is sometimes too high 
to be accounted for by the activities, e.g., the ferric oxide sols; (b) 
that it is too small, e.g., aluminium oxide sols, (c) and also the 
intermediate case where a good agreement is observed. The discre- 
pancy cannot be accounted for by the possible errors in these 
measurements and in the calculation, as in some cases the difference 
is too large. The calculated values of the equivalent conductivity per 
free chlorine ion are widely different. 

The sols having a higher pg value, e.g., M and its dilutions 
are likely to contain very few free aluminium ions in the inter- 
micellary liquid and it is with these sols that one observes a very 
low equivalent conductivity calculated in the manner used by Pauli 
and Valko (loc. cit.). 

In these calculations a correction is necessary for the con- 
ductivity of the water. The conductivity of the hydrogen ions has 
been taken into account, only that due to the hydroxyl ions has 
to be included. Its magnitude is small (excepting M,,) and its 
omission does not interfere with the broad conclusions. The dis- 
sociation of aluminium oxide as an ampholyte may also be over- 
looked for our present purpose; because the sum of the conducti- 
vities of the ions whose activities have been measured, e.g., in the 
case of M, is already several times greater than the observed value. 
The increase in the hydrogen and chlorine activities observed with 
the dilution of sol Lis remarkable. So far as the hydrogen ion 
activity is concerned this is not new. Such an increase has been 
observed with thorium oxide sol (Pauli and Valko, loc. cit., p. 316) 
but the increase of the activity of the chlorine is remarkable. 

The rapid decrease with dilution in the activity of the 
hydrogen ions (which are the mobile ions in the double layer) in 
the case of the silicic acid sol, is in contrast to the above mentioned 
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behaviour of the chlorine ions. This rapid increase of the hydrogen 
ion activity with the concentration has no parallel with known 
acids, strong, medium or weak. It is remarkable that the dis- 
crepancy between the observed and calculated conductivities 
increases rapidly with the concentration of the colloid. The cata- 
phoretic speed of the original sol could not be determined as the 
sol was lost. An equivalent conductivity of 20 has been assumed 
in the calculation. 

The following results have been obtained by Mr. B. R. Majumdar 
with a different sample of silicic acid sol. Both hydrogen and 
quinhydrone electrodes were employed for measurement of the 
Pu values. 


Taste XVI. 
Silicie acid sol (T). 


Conc. =0°4276 g. mol per litre. 


Dilution A, x 105, °, * 
(Fig. 1) 
$ 13°21 1°879 (Hg electrode) 


1°96 (Quinbydrone electrode) 


T/2 5°889 2°23 (Hy electrode) 
2°33 (Quinhydrone electrode) 


T/6 1°897 2°72 (Hg electrode) 
2°41 (Quinbydrone electrode) 


T/1l 0°839 3°076 (Hg electrode) 
3°077 (Quinhydrone electrode) 


The variation of the H’ ion concentrations of the sol (Fig. 1) 
with its concentration confirms the previous observation (Ind. Journ, 
Agric. Sci., 1932, 2, 638) thatthe sol behaves as an ‘ ultra-strong’ 
acid. The increase in the activity of the hydrogen ions at a rate 
greater than the concentration has no parallel with any known acid 
in true solution. Moreover, the sol contains free electrolytes, 
hydrochloric acid and sodium chloride. The concentration of these 


* This column shows the agreement between the values of Py obtained by the 
bydrogen and quinbydrone electrodes. A, values in the table are, however, cal- 


culated from the p,, values obtained by the hydrogen electrode, 


6 
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electrolytes increases proportionately with that of the sol. Conse- 
quently in these dilute solutions on account of the increasing ionic 
strength, the activity coefficients should decrease more rapidly than 
they would with the concentration of dilute solutions of hydro- 
chloric acid. It may be suggested that the stronger acidity is 
apparent and arises from an actually lower concentration of dissolved 
hydrogen at the immediate neighbourhood of the Pt-surface. The 
adhesion of a coating of flocculated particles of the sol on the surface 
diminishes the rate of diffusion of the hydrogen to the surface and 
the dissolved hydrogen at the surface is thus not in equilibrium with 
the gas. Against this is the fact that the sol is quite liquid, and 
there is no visible sign of flocculi on the electrode surface. What 
is more decisive is that the pq values of the sol by both the quin- 
hydrone and hydrogen electrodes agree. Rabinowitsch and Laskin 
(Z. physikal. Chem., 1928, 134, 387) have also found that both 
electrodes give results in mutual agreement. These facts go against 
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another possible explanation, namely, that there is a greater con- 
centration of the primary particles of the sol on the electrode surface 
resulting from gelation but no diminished Hg presure. In case, 
gelation or diminished hydrogen pressure was responsible for the 
observed curvature, both quinhydrone and hydrogen electrodes could 
not have given identical pa values, The results therefore leave no 
doubt as to the real nature of the manner of increase in the activity 
with the concentration and of the manner of the variation of the 
activity coefficient. Further investigations are necessary to find 
out how far this is due to a progressive replacement of the paimarily 
adsorbed hydrogen ions by the increasing concentrations of sodium ions 
(J. Indian Chem. Soc., 1925, 2, 191; Kolloid Z., 1929, 49, 362). 

The ‘chemical’ theory does not contemplate discrepancies of 
the type revealed in the above calculations. The analogy with 
electrolytic systems fails in the case of the sols with higher py. Neither 
can the Helmholtz-Smoluchowski theory account for the higher 
value of the observed conductivity, e.g., in the case of ferric oxide 
sols, nor can it account quantitatively for the very low values of the 
equivalent conductivity. It is possible to imagine that the activity 
measurements indicate concentrations different from those used 
in the calculations. The agreement between the total chlorine 
concentration and that calculated from the activity renders this 
explanation doubtful in cases where such an agreement has been 
observed. The other possibility is that the calculation of the hydro- 
gen ion concentration from activity is at fault. But this cannot 
explain the extremely low equivalent conductivity observed with 
solM. Here the equivalent conductivity obtained by dividing the 
observed sp. conductivity (multiplied by 1000) by the chlorine ion 
concentration is about 59. The equivalent conductivity calculated 
similarly for Mg, and Mg are respectively 147 and 124. This 
difference cannot be referred to a special error in the measurements 
with sol M. Sols L,, Lg, Ly, and Lg have the values 32°6, 18°3, 
7°98 and 5°2. These extremely low values are irreconcilable with 
the Helmholtz-Smoluchowski theory provided the calculated chlorine 
ion concentration really indicates the actual value. 

The cataphoretic speeds change in an irregular manner with 
the dilution. This isin contrast with the uniform decrease in the 
specific conductivity observed on dilution in all cases. It is not 
possible to account for the variations in the cataphoretic speed as 
arising out of changes in the ionic strength as Pauli and Valko 
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(loc. cit.) have assumed to be the case. The simultaneous measure- 
ment of the cataphoretic speed renders invalid the main assumption 
of Pauli and Valko (loc. cit.) that the equivalent conductivity of 
the colloid ion can account for the observed conductivity. The 
colloidal ion behaves in a_ specific manner with respect to its conduc- 
tivity; also the associated free ions (the mobile ions) show a cha- 
racteristic behaviour with reference to their activities and conduc- 
tivities. 

The Figure 2 shows the changes in the chlorine and hydrogen 
ion activities and of the conductivity (all measured simultaneously 
in an atmosphere of very pure hydrogen) of sol D on titration 
with a baryta solution. It will be seen that (a) the free positive 
charges reacting with the hydroxyl] ions is less than that calcu- 
lated from the total chlorine or the chlorine ion activity, and 
(b) there is a diminution in the chlorine ion activity on the 
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addition of the first amounts of the baryta. These observations go 
against the assumption of an activity coefficient of about unity for 
the chlorine ions, which is apparently indicated by the agreement 
between the total chlorine and the chlorine ion concentration cal- 
culated from the activity measurements. 

It is necessary to state here that the concentrations of hydrogen 
and chlorine ions have been calculated from their activities which 
are fairly reproducible and the observed E£.M.F.s. were satisfac- 
torily steady. The liquid junction potential though small is unknown 
and there is a magnification of the error in calculating the concen- 
tration of the ions from their activities which are logarithmic func- 
tions of the concentrations. It thus becomes necessary only to em- 
phasise those cases where the difference between the calculated and 
observed conductivities cannot be accounted for by these uncertain- 
ties. The magnification of error in calculating the concentration of 
the ions from their activities obviously depends on the value of the 
mantissa of the logarithm. It ranges in most cases from 6 to 18% 
assuming an error of 2 millivolts in the E.M.F. The data given 
above show that the discrepancy is, at least in some cases, too great 
to be accounted for by these uncertainties. Sol D (vide Table XIV) 
forms a very exceptional example. The specific conductivity of 
9°5 x 10° is more than ten times greater than the calculated one. One 
finds similar extremes also in Muttone and Pauli’s data (Kolloid Z., 
1931, 57, 212). The figures given in the following table (XVII) have 
been calculated frorn the values given by Muttone ane Pauli (loc. cit.) 
in Table V of their paper. It will be seen that for sol 5, the observed 
specific conductivity is ten times the calculated one. 

The behaviour of these colloidal solutions presents features not 
met with usual electrolytes and further investigation is necessary to 
elucidate the characteristics of some systems. 
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SuMMARY. 


1. Incontinuation of the first paper of this series it has been 
shown, that contrary to the assumptions of the supporters of the 
chemical school, the conductivity and activity measurements of collo- 
idal solutions of ferric and aluminium oxide sols show characteristic 
differences from the known behaviour of electrolytes. The measured 
specific conductivity is in some cases (a) too great, and (b) in other 
cases too small to be reconciled with the activity measurements. The 
-atermediate case of a satisfactory agreement is also observed. 


2. The experimental evidence in support of the above statement 
is as follows: 


(a) The specific conductivities of the ferric oxide sols, the acti- 
vities of the ions which have been given in Part I, have been cal- 
culated from the latter. The values so obtained are very much lower 
than the observed specific conductivities. This statement is in agree- 
ment with the observations of Pauli and coworkers that the observed 
specific conductivity of some ferric oxide sols required an equivalent 
conductivity of 118 units at 25° for the positively charged carriers of 
electricity present in the sol. No such cation is so far known in 
electrochemistry. Unfortunately the hydrogen ion activity of these 
solutions cannot be directly measured and Pauli and coworkers 
measured it after coagulations with potassium chloride. In the ex- 
periments in Part I the coagulation was carried out with potassium 
sulphate. It has been observed from this laboratory that the p, of 
the supernatant liquid depends on the coagulating electrolyte and to 
alesser extent on its amount. The pg increases comparatively 
slightly on the addition of larger amounts of the solid electrolyte. It 
is thus likely that the sol has a different and perhaps a higher hydro- 
gen ion concentration than that estimated by the above mentioned 
indirect method. It is, however, doubtful whether the actual p, of 
the sol is so low as to account for the observed conductivity. 

(b) Aluminium oxide sols have the advantage that the hydrogen 
ion activity can be directly measured. Pauli and Valko (loc. cit.) 
have shown that this sol shows a constant proportionality between the 
equivalent activity and the equivalent conductivity of the colloid 
chloride. They arrive at an equivalent conductivity of about 145 
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units for the colloid chloride at 25° which signifies that the cata- 
phoretic speed of the colloidal particles should be about 70 units at 
25°. On calculation from their data one finds that the observed con- 
ductivity is systematically lower than that calculated from the acti- 
vities assuming that the activity coefficient is equal to unity. It is 
also found that the equivalent conductivity at infinite dilution cal- 
culated according to the assumptions made by them decreases with 
the higher dilutions. This sol used by them had py values ranging 
from 2 to 4, As free aluminium ions cre likely to be present in 
considerable quantities in such solutions, evidence for their presence 
has been sought to be obtained from the analysis of the ultrafiltrate. 
Experiments have been described with sols having higher pg and 
these show that there is areal discrepancy between the activity and 
the conductivity measurements. The equivalent conductivity of the 
colloid chloride is sometimes very low, in fact so low that the 
Helmholtz-Smoluchowski theory which contemplates that the current 
carried by the charged colloidal particle and its associated mobile ions 
is wholly measured by the cataphoretic speed multiplied by the free 
charge of the particle, cannot also account for these low values. The 
significance of the activity measurement has been briefly discussed. 

(c) Observations with silicic acid sols (S) corroborate the above 
conclusions. 

(d) Results of further experiments with a silicic acid sol (T) con- 
taining sodium chloride confirm that the activity of the hydrogen ion 
increases more rapidly than the concentration of the sol, although the 
total concentrations of electrolytes in the sol correspond tv the region 
of dilute solutions. 

(e) Calculations of the specific conductivities of aluminium 
hydroxide sols from the data obtained by Muttone and Pauli loc. cit.) 
also show considerable discrepancy between the observed and calcu- 
lated specific conductivities. 

(f) Colloidal solutions thus show a behaviour characteristic of 
themselves and further investigations are desirable. 
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Variation of the Charge of Copper Ferrocyanide 
Hydrosol in Presence of Electrolytes and Non- 
electrolytes 


By 8. G. Cuaupnoury. 


The investigations on the cataphoretic velocity and coagulation of 
different hydrosols (Mukherjee and Chaudhury, J. Indian chem. Soc., 
1925, 2, 296 ; Mukherjee, Chaudhury and Raichoudhury, ibid., 1927, 
4, 493 ; Mukherjee, Raichoudhury and their coworkers, ibid., 1928, 
§, 697, 735) produced results not in harmony with current 
theories on coagulation of colloids in several aspects and it was felt 
desirable to carry out similar experiments in the case of copper 
ferrocyanide hydrosol (cf. Duclaux, J. chim. Phys., 1907, 6, 29 ; 
1909, 7, 405 ; Pappada, Kolloid Z., 1911, 9,137 ; Sen, J. Phys. 
Chem., 1925, 29, 517, 5839; Mehrotra, Z. anorg. Chem., 1925, 142, 
345 ; Weiser, J. Phys. Chem., 1926, 30, 1527). 


Dependence of the Cataphoretic Velocity on the Method 
of Preparation of the Sol. 


It has been established in the case of arsenic sulphide and ferric 
hydroxide hydrosols that the cataphoretic velocity depends on the 
method of preparation of the sol (Mukherjee and Chaudhury, loc. 
cit.; S. N. Mukherjee, Kolloid Z., 1930, 68, 159; 1930, §2, 
13), and hence different samples of hydrosols of copper ferrocya- 
nide were prepared and their cataphoretic velocities studied. First, 
the hydrosol of copper ferrocyanide was prepared by precipitating 
copper ferrocyanide from copper sulphate and potassium ferrocya- 
nide. The precipitate was repeatedly washed with conductivity 
water till peptisation occurred. The peptisation occurred at a pH 
value of about 7°5 of the supernatant liquid. The sol obtained in 
this way is very dilute and in order to obtain a moderately concen- 
trated sol, a few c.c. of a dilute solution of potassium ferrocyanide 
were added to peptise a given amount of the precipitate. The sol, 
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so obtained, was subjected to dialysis, till the dialysate gave no test 

or ferrocyanide. With the progress of dialysis, measurements of 
cataphoretic velocities were taken. An equiconducting solution of 
potassium chloride was found suitable as the upper liquid, as the 
potential gradient before and after passage of the current remained 
constant within 5%, the direct and reverse readings being also 
correct within the same percentage of error as shown by the follow- 
ing data in Table I. In this as well as in subsequent tables V always 
denotes the velocity in cm. per sec. per volt per cm. multiplied by 
10°. 





TABLE I. 
Direct Reverse 
OL, ee 
Samples. Pot. gradient V Pot. gradient V 
in volts per cm. in volts per cm, 
LN, —— —— 
Before After Before After 
- 1 0°338 0°813 41°8 0°799 0°845 39°2 
2 1°157 1154 44°9 1°105 1°184 40°8 


It will be seen from the Table I that though the potential gradient 
is not absolutely constant, the variation is not such as to affect 
the general trend and is within what one obtains in usual measure- 
ments of cataphoretic speed unless special care is taken in selecting 
the upper liquid. One notices that there is always a greater vari- 
ation with the current reversed. The values for the cataphoretic 
velocity of the sol with dialysis are given below. 





TaBe IT. 
Days of dialysis. V Equicoagulating 
Direct. Reverse. Mean, cone. of KCl, 
0 39°2 41°8 40°5 1°01N 
7 44°9 40°8 42°8 1°015 
20 45°9 43°8 449 0°98 
30 50°4 48°4 49°4 0°92 


60 43°7 43°2 43°45 0°85 
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The results show that on dialysis, the cataphoretic speed increases 
at first and then decreases with progressive dialysis. The coagula- 
ting concentration of potassium chloride: remains constant for about 
a week and then diminishes. This observation is not in harmony 
with the idea that the cataphoretic velocity and the stability of a sol 
always go hand in hand. Sols designated afterwards as type A 
were Prepared in the above way. 

Since by the above procedure, it was found that the sol even 
after continued dialysis contained appreciable amounts of potassium 
ferrocyanide, we adopted a different procedure. The precipitate of 
copper ferrocyanide, obtained from equivalent quantities in solution 
of copper chloride and potassium ferrocyanide (Weiser, loc, cit.), 
was mixed thoroughly with pure conductivity water and centrifuged. 

The supernatant liquid was replaced by fresh conductivity water and 
the process repeated about seven times. After the fourth washing, 
the precipitate begins to peptise. After two to three further wash- 
ings, conductivity water was poured very slowly over the precipitate 
in the centrifuge tube and the clear water, drawn by a pipette, 
when tested for chloride or ferrocyanide ions was found to be free 
from them. These precipitates were then mixed with a suitable 
quantity of water so as to peptise the whole quantity of precipitate 
and a somewhat dilute sol was obtained. The electrical resistance 
of the freshly prepared sol was found to be about 10,000 ohms. The 
resistance decreased rapidly and within one day attained a value of 
about 6000 ohms. Measurement of the cataphoretic velocity was 
undertaken with equiconducting potassium chloride as the upper 
liquid. But here as will be found from the Table III given below, 
the potential before and after passage of the current was not constant. 
In this case a few drops of dilute potassium hydroxide solution was 
added to a solution of potassium chloride such that the conductivity 
and pg of this mixture are equal to those of the hydrosol coagulated 
with solid KCl. The pg of the hydrosol was measured by the colori- 
metric method after coagulating the sol with the least amount of 
solid potassium chloride. It is also of interest to note that with 
(KOH + KCl) mixture as the upper liquid, the potential gradient was 
found to be fairly constant when the current was first passed for 
about 15 to 20 minutes before taking the actual readings, and the 
direct and reverse readings were found to be correct within an 


accuracy of about 5%. 
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Tasie III. 
Direct, Reverse. 
Upper liquid. Pot. gradient V. Pot. gradient Vv. 
Before. After. Before. After. 
(1) Equiconduc- 0°964 0°912 38°2 0°898 0°952 54°4 
ting KCl 
(2) Equiconduc- 0°869 0°836 44°3 0°886 0 912 40°9 
ting mixture 
of KC] & KOH 0°850* 0'774 43°7 0°898 0°917 43°4 


Sols prepared in the above way are designated henceforward as 
type B. It was soon observed that this sol on keeping showed clear 
sedimentation at the bottom. The sol was therefore centrifuged and 
the cataphoretic velocities of centrifuged and non-centrifuged sols 
were measured and compared. It was found that (Table IV) centri- 
fuged sols have a little less cataphoretic velocity and they were 
always found to be more conducting. 








TaBie IV. 
Nos, Before centrifuge After centrifuge 
Direct. | Reverse. Mean. Direct. Reverse. Mean. 
1 53°6 48°'8 51°2 48°4 48°0 48°2 
2 46'5 43°9 45°2 42°5 38°3 40°4 
8 51°8 48°6 50°2 48°6 45°4 47°0 


The data given in the above tables show the dependence of the 
cataphoretic velocity of the particles of the different sols on the 
method of preparation. 


Effect of Some Simple Electrolytes and of Centrifuge on the 
Cataphoretic Velocity of the Sol. 


Effect of some simple electrolytes and centrifuge in their presence 
on the cataphoretic velocity of copper ferrocyanide hydrosol (in one 
case type B and in another type A) has been studied. Results are 
given in the following tables, where C denotes the concentration 


1 Potential measurement was taken just after the passage of the current. 
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of the electrolyte in normality and V denotes the cataphoretic 
velocity multiplied by 105 as usual. Results in Table V have been 
obtained with sol No. 2 (vide Table IV) after centrifuge and 
those in Table VI from a sol of type A, i.e., the sol contained 
a moderate amount of potassium ferrocyanide. From these tables 
it is clear that the variation of the cataphoretic velocity with 
the concentration of the electrolyte depends also on the previous 
treatment of the sol. It is singular that in Table V, in the case 
of a centrifuged sol whose initial cataphoretic velocity is low, 
an initial rise is always observed in the cataphoretic velocity 
(even with the bivalent barium ion) with a gradual decrease after- 
wards, whereas in Table VI, with a non-centrifuged sol (containing 
free potassium ferrocyanide) the cataphoretic velocity first decreases 
and then increases with yet another drop afterwards. The sol 
obtained by centrifuging shows a diminution of the cataphuretic 
velocity in presence of an electrolyte. The higher the concentration 
of electrolytes taken, the greater is the effect observed. 


TABLE V. 


Copper ferrocyanide hydrosol (type B). 














Electrolyte. 
Vv 
Gc . 0 00002 «= «0'0005——ié«t 002 0002 O01 002 
KCl 40°4 i a om 44°5 50°4 47°3 
NaCl 40°4 ia sa ve 46°4 49°9 48°5 
HCl 40°4 eve ove ove 42°4 44°38 40°4 
BaCl; 40°4 43°4 39°4 85°4 si _ 
TaBLE VI. 
Copper ferrocyanide hydrosol (type A). 
V 
C. a Potassium chloride Sodium chloride 
Before After Before After 
centrifuge. centrifuge. centrifuge. centrifuge. 
0 51°2 48°2 512 48°2 
0001 47°3 45°3 48°5 45°5 
0.0025 44°5 40°2 45°5 41°5 
0°025 48°4 87°2 50°2 39°2 


42°4 88°4 46°2 85°83 
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Effect of Dilution of the Sol in Presence and Absence of Potassium 
Ferrocyanide. 


It has been shown by the author (J. Phys. Chem., 1928, 32, 1231) 
that the cataphoretic velocity of a hydrosol of copper ferrocyanide de- 
creases on dilution. This sol was prepared by precipitating copper 
ferrocyanide from concentrated solutions of copper sulphate and pot- 
assium ferrocyanide. The precipitate was washed with conductivity 
water by decantation for about one month. Part of the precipitate 
peptised. It was then subjected to dialysis for about two months. 
A portion of this sol was diluted and measurements were taken. 
Another sol was prepared as stated before, but dialysis was continued 
fora month. The results are given in Table VII. These results sug- 
gest that the difference in the behaviour of these two types of sols is 
caused by the amount of potassium ferrocyanide present in the sol. 
Accordingly cataphoretic velocities were determined with dilution of 
sols, which contained initially very little free potassium ferrocyanide, 
in presence of increasing amounts of potassium ferrocyanide solution 
and the results given in Table VIII, clearly show that the be- 
haviour of the cataphoretic velocity of the copper ferrocyanide 
hydrosol depends on the amount of potassium ferrocyanide initially 
present in the sol. 





TasLe VII. 
Dilution 
(sol :HyO) pure sol... 1:11:83 a 37 1:10 1:81 1:79 
Soil I... +70°6 50°99 «= 45°3 _ 29°9 = ois 
fe Tl... 66°95 - _ 54°3 -_ 52 50°15 
TaBLE VIII. 
V at dilution of 
‘Pure sol. 1:1 1:4 1:9 
N-K,yFe(CN)g. 
I 0 c.c. 45°2 40°4 37°4 33°4 
mI 1 57°2 66°4 53°4 50°1 
I* 10 53°4 50°4 49°3 51°4 
Iv* 20 45°2 40°5 46°4 44°5 


* In the U-tube, above the boundary there was formed light yellowish layer of 
liquid with the passage of the current indicating the migration of ferrocyanide ions 
above the houndary. 
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In Table IX are given results ai different dilution of the sol in 
presence of varying concentrations of potassium chloride. These 
results show once more that when the initial cataphoretic 
velocity of a sol is low, the addition of electrolytes increases 
its value (which is sometimes followed by a decrease) depending 
on the amount of copper ferrocyanide present. 


TABLE IX, 


V at a concentration C of KCl. 





Dilution 0 0°001 0°002 001 0°02 
ratio. 
111 40°4 44°5 46°5 50°4 47°2 
1:4 37°4 45°2 48°3 49°3 60°3 


Effect of Some Non-electrolytes on the Cataphoretic Velocity. 


Lastly the behaviour of the cataphoretic velocity of copper ferro- 
cyanide hydrosol has been followed in presence of sugar and ethyl 
alcohol, as also its variation in presence of potassium chloride and 
barium chloride. The results given in Tables X, XI and XII have been 
obtained with a sol of type A (i.c., it contained a moderate amount 
of free potassium ferrocyanide). 


TABLE X. 
Copper ferrocyanide sol, potassium chloride and ethy! alcohol. 


V at the concentration C of KCl. 





0 0°002 0°004 ool 0°02 0°025 0°088 0°05 
EtOH %. 
0 c.c. §4.3 eee 49°3 ove ooo 49°5 eee 40°06 
2°6 50°8 i vee 41'0 eee 45°6 39°1 
10 461 - oa 31°8 36°1 46'3 
(32°0) after coagulation 


20 417 35°3 344 30° ve oe an ine 
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Here, to start with, the initial cataphoretic velocity was high, 
and as usual, in presence of potassium chloride the cataphoretic 
velocity at first decreases, then increases with a final drop 
afterwards. In presence of sugar alone, the cataphoretic velocity 
at first decreases rapidly, but the rate of variation of the velocity 
with higher percentages of sugar is small. The rate of variation of 
the velocity with increasing concentrations of potassium chloride 
is smaller, the higher the percentage of sugar taken, i.¢., smaller 
the initial cataphoretic velocity of the sol. 


TABLE XI, 
Copper ferrocyanide sol, potassium chloride and sugar. 


V at the concentration C of KCI. 





Sugar %. _ 
0 0°004 0°0125 0°025 0°05 
0 g. 54°83 49°3 46°1 49°5 40°06 
2°5 44°7 eee 42°7 55°7 35°6 
5°0 42°0 one 41°6 44°5 32°0 
10 41°7 aa 39°1 40°8 The sol coagulated 
TaBLe XII, 


Copper ferrocyanide sol, barium chloride and sugar. 





Sugar %. V at the concentration C of BaCh. 
0 0°0001 00002 ©0005 0001 
0 g. 54°3 38°9 3672 34°8 31°0 
2°5 44°7 39°55 28°1 oe 20°8 
5 42°8 44°3 31°05 eve 25°1 
10 41°3 47°3 441 in The sol coagulated 


With barium chloride alone, the velocity continually decreases; in 
presence of 2°5 % sugar, the same behaviour is observed though 
the initial drop is low and the final dgop high, compared to the 
velocities observed in case of barium chloride alone. In the case of 
§ and 10 % sugar, we.find an initial increase inthe velocity of 
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the colloid in presence of barium chloride. In presence of ethyl 
alcohol alone, the cataphoretic velocity diminishes; with 
increasing concentrations of potassium chloride, the cataphoretic 
velocity at first diminishes, increases afterwards and finally there is 
another drop in the velocity. In the case of 20% ethyl alcohol, 
there is always a decrease but here of course, the velocity could not 
be followed up to those concentrations of electrolytes where we 
observe an increase in other cases. 


DISCUSSION. 


On the Relation between Cataphoretic Velocity, Potential of the 
Double Layer and Density of Charge. 


Two main peculiarities are noticeable from curves in Figures 2, 
4, 5, 6, and 7 in the case of uni-univalent salts in absence of non- 
electrolytes : 

(1) First, when the initial cataphoretic velocity is low, i.e., about 
40 x 10-° em. per sec. per volt per cm. there is an initial increase with 
a gradual drop afterwards. 

(2) When the initial cataphoretic velocity is high, we get a mini- 
mum followed by a maximum or a characteristic \\ shaped curve. 


Fie, 1. 
Effect of dialysis, 
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Fic. 8. 
Effect of sugar and BaClg. 
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Kruyt and Willigen (Z. physikal. Chem., 1927, 189, 170), in order 
to explain coagulation at the high cataphoretic speeds observed in the 
case of uni-univalent salts, maintain that the potential is low, though 
the corresponding speed is high due to a higher dielectric constant. 
Starting from the equation, 

(= Su or ( D = 4rnu = 4rU, 
(where U,=the cataphoretic speed after viscosity correction, 
{=electrokinetic potential, D=dielectric constant) they have advanced 
the view that the increased dielectric constant of the electrolyte is 
responsible for the higher cataphoretic speed observed at the high 
concentrations of electrolytes (uni-univalent) following the work of 
Furth (Physikal, Z., 1920, 25, 676) and Pechhold (Ann. Physik, 1927, 
83, 427) on the variation of the dielectric constant of solutions of 
electrolytes in which it was shown that the dielectric constant shows 
first a small decrease followed by a sharp increase afterwards as the 
concentration of the electrolyte is increased. It follows from their 
arguments that the potential of the double layer is proportional to 
U,/D. The validity of this relationship can be better studied in pre- 
sence of non-electrolytes alone. Now it has been already shown by 
Mukherjee and his coworkers (J. Indian Chem. Soc., 1928, 5, 704) in 
the case of arsenious sulphide sol that an increase or a decrease of the 
dielectric constant on the addition of the non-electrolyte sometimes 
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produces the same effect—a lowering of the cataphoretic speed. The 
potential of the double layer is then apparently not determined by the 
change in dielectric constant alone. It is also not justified to assume 
a direct proportionality between density of charge and dielectric cons- 
tant (cf. Freundlich, ‘‘Colloid and Capillary Chemistry’’ 1926, p. 463). 
Assuming that the dielectric constant of the colloidal solution changes 
in the same proportion as pure water with the addition of a non-elec- 
trolyte, it will be seen from the following table that the ratio of cata- 
phoretic velocity of the colloidal copper ferrocyanide to the dielectric 
constant is not constant (the values D, have been obtained by inter- 
polation from the data of Harrington, Phys. Rev., 1916, 8, 581) a 
fact which disproves that the variation of the dielectric constant alone 
is responsible for a variation in the cataphoretic speed of the sol. 


TaBLe XIII. 
Sugar % és 0 23 5 10 
V one 54°3 447 42°8 41°3 
D th 80°4 78°25 770 76°2 
V/D coe 0°67 0°57 0°55 0°54 


Further comparing the curves in presence of electrolytes in Figs. 
2 and 5, it is apparent that for the same concentrations of potassium 
and sodium chlorides, there is observed in one case an increase and 
in another case a decrease in the cataphoretic velocity of the colloid. 
Moreover, centrifuging the sol in presence of high concentrations of 
electrolytes cannot evidently change the dielectric constant so much 
as tolower the cataphoretic velocity to such a low value as actually 
observed. It is also clear that the final decrease in the velocity at 
very high concentrations of electrolytes in some cases and the initial 
rise followed by a drop in others with lower concentrations cannot be 
explained on the basis of the change of the dielectric constant alone 
(cf. Figs. 2 and 5). These considerations show also that the 
observations mentioned above are not even explicable from the point 
of view of Kruyt and Briggs (K. Proc. Akad. Wetensch. Amsterdam, 
1929, 32, 384), who point out that the variation of the dielectric cons- 
tant in the bulk of the solution need not be considered but only that 
in the interface should be taken into account, in order to explain the 
very high cataphoretic speed observed at high concentrations of elec- 
trolytes. Moreover, this latter proposition appears to overlook the 
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considerations of Debye and McdAulay (Physikal. Z., 1925, 28, 
22), who have shown that round an ion the distribution of the water 
molecules would not be materially altered by molecules of lower 
dipole moment. In other words. the dielectric constant of the 
water layer surrounding free charges would be materially determined 
by the strongest dipoles. Ifthe argument of Debye and McAulay 
hold good and this appears to be obvious enough, the above explana- 
tion appears to be insufficient. 

It is then obvious that the charge may be affected by other factors 
than dielectric constant alone. There is evidence to show thata 
direct relationship exists between the amount of excess of adsorption 
of an ion of one sign andthe rate of cataphoretic movements. Lamb’s 
equation has as its basis (Brit. Assoc. Rep., 1887, p. 495), a relation 
connecting cataphoretic velocity and surface density of charge. An 
increase in the density of charge certainly denotes an increase in 
cataphoretic speed, since the coefficient of sliding friction changes in 
the same sense as the density of charge (Lamb, loc. cit.). In 
Helmholtz’s treatment also the fundamental factor determining the 
electrical force involves the volume density of charge. From argu- 
ments due to Mukheriee (J. Indian Chem. Soc., 1928, 5, 705), it 
appears more plausible to explain these observations by assuming 
that either the density of charge is changing or preferably both the 
density and the thickness of the double layer are changing. The 
great effect of cane sugar (Table XIII) points to the conclusion that 
the variation in the density of the charge is predominant. The inter- 
pretation of cataphoretic velocity in terms of the density of charge 
from the point of view of ionic equillibrium at the solid liquid 
interface is therefore to be preferred. 


An Explanation on the Basis of a Change of the Density of 
Charge from Mukherjee’s Theory of Double Layer. 


It is, however, possible to conceive a simple picture of 
these processes in terms of the density of charge on the basis of 
the views of Mukherjee (Trans. Faraday Soc., 1921, 16, 
108) on the nature of double layer. A colloidal particle in 
its process of formation adsorbs chemically a certain species 
of ions on its surface and thus acquires its charge. In 
consequence of the charge, ions of opposite sign will be drawn near 
the surface—some of which are bound and some are free depending 
on the kinetic energy of these ions. The charge, imparted to the 
colloidal particle is due to the number of primary ions still remaining 
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uncovered. Now it is clear that just as the primarily adsorbed ions 
exert forces of attraction on the oppositely charged ions in the liquid 
to get them fixed or bound to the surface, so ions in the liquid 
similarly charged to that of the colloid exert an attractive force on 
these bound ions and try to pull them towards the interior of the 
solution, Whether an ion will be bound or not will depend on the 
relative magnitudes of these two opposing forces. The origin of the 
charge of the colloidal copper ferrocyanide is usually ascribed to the 
preferential chemical adsorption of ferrocyanide ions during the 
process of formation of the colloid. The cataphoretic velocity or 
the density of charge will be iow, 

Firstly (1) when the colloid initially contains traces of potassium 
ferrocyanide (i.e., ferrocyanide ions) and therefore adsorbs chemically 
only a few ferrocyanide ions per unit surface of the colloidal 
particle; in consequence, a large number of places on the surface of 
the particles where ferrocyanide ions could be chemically adsorbed 
are vacant and hence the surface of the colloidal particles might 
be said to be ‘‘unsaturated.’’ These conditions are realised 
in a sol of type B. 

(2) Secondly either, (2) when the sol contains very high concen- 
trations of potassium ferrocyanide (before dyalysis, cf. Fig. 1), 
or (b) by increasing either only the number (with the addition of a 
non-electrolyte of low dielectric constant, cf. Figs. 6, 7, 8 or 
with the addition of potassium salts) or both the number and valency 
(with the addition of other electrolytes) of the bound ions when the 
sol initially contains moderate amounts of potassium ferrocyanide 
(initial cataphoretic velocity high—a sol of Type A), i.e., when the 
surface of the colloidal particles had almost been ‘‘saturated’’ due to 
the primary adsorption of ferrocyanide ions. 


Variation of the Charge with Simlpe Electrolytes. 


In both the cases mentioned above when the initial 
density of charge is low, the number of similarly charged ions 
that can approach near about the interface will be compara- 
tively high and that of the oppositely charged ions will be relatively 
low, and thus there is a greater probability of initial increment of 
charge [in case (1) due to the primary chemical adsorption of simi- 
larly charged ions and in case (2) owing to the removal of bound ions 
as a result of attraction towards the interior of the liquid by the 
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similarly charged ions to that of thecolloid]. If the initial cata- 
phoretic velocity is low due to condition (1) as in a sol of type B 
where traces of potassium ferrocyanide are present, low concentra- 
tions of electrolytes (specially uni-univalent salts) will increase the 
charge due to the primary chemical adsorption of negatively charged 
ions as the surface of the particles are unsaturated (here chlorine 
ions; see Figs. 2 and 4). With increasing concentrations of 
electrolytes as the charge tends to be higher and higher, more 
oppositely charged ions are attracted and similarly charged ions 
repelled with the result that at higher concentrations of electrolytes 
the cataphoretic velocity diminishes again. With very low concen- 
trations of barium chloride there is an initial increase in the density 
of charge; thus even the bivalency of barium is not sufficient to 
counteract the primary chemical adsorption of chlorine ions, perhaps 
because of the tetravalency of the primarily adsorbed ions. Had the 
primarily adsorbed ion been monovalent, there would have been less 
chance of observing this increment in charge with a bivalent cation. 
Subsequently however the drop is much steeper as is to be expected 
(cf. Fig. 2). 

When the initial density of charge (i.e., cataphoretic velocity) is 
high (curves obtained without centrifuge and 0% non-electrolyte 
in Figs. 5—7,—these sols were of type A which contained 
moderate amounts of free potassium ferrocyanide), obviously there 
will be at first a diminution as more of the oppositely charged ions will 
be attracted; but as the charge becomes lower, the number of 
similarly charged ions will be comparatively greater near about the 
surface and exert their influence in removing tbe bound ions 
(primary chemical adsorption of anions is less probable here, first 
because of ‘‘saturation’’ of the surface due to the primary adsorption 
of ferrocyanide ions and secondly because of attractive forces exerted 
on them when they pass through a layer of oppositely charged bound 
ions and repulsive forces due to primarily adsorbed ferrocyanide 
ions) resulting in actual increment of charge at these high concen- 
trations of electrolytes. Itis to be noted that appreciable coagu- 
lation has taken place at these concentrations of electrolytes and 
smaller particles are combining to form larger aggregates in which 
process the mutual repulsive forces between the bound ions themselves 
will be brought into play. Moreover, the change in the curvature 
resulting from aggregation may also modify the charge (Alty, Proc. 
Roy. Soc., 1924, 106, 1). It is therefore to be expected that in this 
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region of coagulation when by centrifuging the larger aggregates are 
thrown down and separated, the cataphoretic velocity acquires a low 
value (Fig. 5). As the density of charge tends to be high, a greater 
number of oppositely charged ions will be attracted and thus there 
will be observed a final decrease. With barium chloride the first 
diminution is very sharp, but as the density of charge tends to be 
low, the effect of similarly charged ions comes into play with the 
result that at higher concentrations, the curve is almost flattened 
(Fig. 8, 0% sugar). No increment is observed here at the coagulat- 
ing concentrations probably because of the higher valency of the 
barium ion. 


Variation of the Charge with Dialysis and Dilution. 


It is not difficult also to understand the nature of the curves (Figs. 
1 and 8) obtained on dialysis and on dilution in presence of potassium fer- 
rocyanide. On dialysis with decrease in the concentration of potassium 
ferrocyanide first the number of bound potassium ions decreases, 
thus increasing the density of charge and therefore the cataphoretic 
velocity. When the concentration of potassium ferrocyanide 
becomes appreciably low, it is conceivable that there occurs 
a decrease in the number of the primarily adsorbed ferrocyanide 
ions, so that finally there is a decrease in the cataphoretic velocity. 
On dilution of the sol in absence of potassium ferrocyanide, the cata- 
phoretic velocity decreases thus showing a diminution in the number 
of primarily adsorbed ferrocyanide ions; in presence of small concen- 
trations of potassium ferrocyanide, the density of charge diminishes 
but not so markedly as in its absence, for here the decrease in the 
number of primarily adsorbed ferrocyanide ions cannot be so marked 
due to the presence of greater number of ferrocyanide ions, With sol 
III, there is at first a decrease with an increase afterwards while with 
sol LV, in addition to this there is a final decrease though not so promi- 
nent. With dilution as the catapheretic velocity tends to be low, 
the number of ferrocyanide ions (for the concentration of potassium 
ferrocyanide is high) that can approach near enough the surface also 
increases with the result that the velocity afterwards increases again. 
The final decrease shows that as the density of charge increases, 
more oppositely charged ions are attracted and adsorbed as bound 
ions. 
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Variation of the Charge with Non-electrolytes. 


The effect of non-electrolytes can also be understood from the 
above standpoint in a general way. Addition of pure non-electro- 
lytes will decrease the dielectric constant of the medium and thus 
depress also the cataphoretic velocity due to the increase in the 
number of bound ions (Figs. 6—8, sols of type A). The activities 
of the ions present will also change due to a change in the dielectric 
constant with the addition of a non-electrolyte (Debye and Hiickel, 
Physikal, Z., 1923, 24, 305, 385). Recent researches on the activity 
coefficients of ions in aqueous solutions of non-electrolytes by 
Bronsted and Williams (J. Amer. Chem. Soc., 1928, 50, 1338), 
Hansan and Williams (ibid., 1930, §2, 2759), and others (Lucasse, ibid., 
1926, 48, 626 ; Scatchard, ibid., 1927, 49, 217) have in general shown 
the quantitative verification of the theory of Debye and Hiickel in very 
dilute solutions of electrolytes. In the following (where high con- 
centrations of electrolytes are generally used) it is sufficient to know 
in a qualitative way that as the dielectric constant decreases the 
activity coefficient and therefore the activity of ions also decrcases. 
It is seen (Fig. 8) that at 24% sugar, an initial rise is not 
observed in the velocity as barium is bivalent and is thus probably 
able to compensate for the increased number of similarly charged 
ions that can approach near enough the double layer. In this 
connection the difference between the removal of bound ions and the 
chemical adsorption of primarily adsorbed ions is to be noted, both 
resulting in an increment of charge (cf. also Fig. 2). The density of 
charge is a little higher in presence of 24% sugar (44°7x10-° cm. 
per sec. per volt per cm. as compared to 40°4 expressed in the same 
units in Table V, Fig. 2). This may perhaps account for the absence 
of initial increment here. From 2}% to 5 and 10% sugar, the 
number of bound ions available for removal is higher, as is evidenced 
by the low cataphoretic velocity. Comparing the results with 5% 
and 10% sugar, it is seen that the initial rise in the velocity is higher 
in the case of 10% sugar. Though both the number of similarly 
charged ions that can approach near enough the surface and the 
number of bound ions are slightly higher at 10% sugar solution and 
may account for the higher initial rise, it is better to keep in view in 
this case the variation in another factor, namely, in the activity of the 
barium and chlorine ions with the addition of sugar. In considering this 
variation, it is to be borne in mind that for each barium ion, there 
are two chlorine ions and it is possible that the activities of these 
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ions may change due to the formation of some BaCl and Cl! ions in 
addition to the change in the dielectric constant. In this way the 
proportionate decrease in the concentration of free barium ions (and 
therefore in the activity) would be greater than that in the number 
(and activity) of free chlorine ions, and this effect would be greater, 
the higher the percentage of sugar taken. That some such considera- 
tion is necessary would appear also from the results obtained with this 
sol and potassium chloride in presence of sugar (vide Fig. 8, sol 
of type A). At a higher concentration of the electrolyte, the rise is 
most marked, though it gradually diminishes with higher percentages 
of sugar. Considering individually the curve at a particular percen- 
tage of sugar, the results are explicable as they show the usual 
decrease with increase afterwards and a final drop in the velocity, 
except in the case of 10% sugar where measurements could not be 
proceeded with high concentrations of electrolyte due to coagulation. 
The curves however tend to be more and more flattened at lower 
concentrations of the electrolytes, and the first lowering becomes 
less and less pronounced as higher percentages of sugar are taken. 
With even 10% sugar (when the cataphoretic velocity is 41°3 x 10-° 
em. per Sec. per volt per cm.) and 0°125N-KCl there is no incre- 
ment. The activities of potassium and chlorine ions are expected to 
be diminished ip the same proportion so that for a particular per- 
centage of sugar unless the cencentration of free chlorine ions (i.e., 
potassium chloride) is high, a rise in the charge is not observed 
(cf. with BaCl,). Thus it appears that when the surface of the 
colloidal particle remains suturated (due to the adsorption of 
maximum number of primarily adsorbed ions) the initial increment 
in the charge may not be observed even if the density of 
the charge is low. Hence, the effect of the primary chemical 
adsorption of similarly charged ions in increasing the charge is 
seen to be more pronounced than that of the removal of bound 
ions when other factors such as activities of ions as in the case of 
barium chloride do not interfere. It is to be noticed that at 0°025N 
potassium chloride, the velocity shows an increase in absence of 
sugar; if 23% sugar is added, the rise also is mos‘ prominent, as 
here the number of similarly charged ions increases greatly (since 
by addition of 24% sugar alone, the drop in the velocity is high, 
i.e.,"from 54°83 x 1075 to 44°7 x 107° cm. per sec. per volt per cm.) 
but the diminution in the activity of potassium ions is expected to 
be less, compared to that in the case of higher percentages of sugar. 
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A relatively greater diminution in the activity of potassium ions 
combined with higher attractive forces for oppositely charged ions 
and greater repulsive forces for similarly charged ions due to a 
greater lowering of the dielectric constants perhaps account for the 
diminution in charge at higher percentages of sugar in presence of 
0°025N-potassium chloride. 

It is noteworthy that with ethyl alcohol (Fig. 6) and potassium 
chloride the results are not exactly similar to those in presence of 
sugar. With ethyl alcohol alone, the density of charge is not so 
much diminished as in the case of sugar, showing that the number 
of bound ions (kere potassium ions from free potassium ferrocyanide 
in the chloride) does not increase so much due probably to the 
comparatively lower activity of potassium ions in presence of ethyl 
alcohol on account of a greater diminution of the dielectric constant. 
Moreover, the great diminution of the mobility of potassium ions in 
presence of ethyl alcohol (Ulich, Trans. Faraday Soc., 1927, 28, 390) 
is possibly also to a certain extent responsible for this behaviour of 
the colloid. Curves with 0% and 2°5% ethyl alcohol in Fig 6 
separately considered show the usual \-shape as the denstiy of 
charge is initially high. Curve with 10% ethyl alcohol shows first 
a decrease with an increase afterwards, whereas that with 20% 
ethyl alcohol shows always a decrease, for in these two cases experiments 
could not be proceeded with due to coagulation setting in. Ethyl 
alcohol decreases the dielectric constant more than sugar amd also 
the initial density of charge, to start with, was higher except in the 
ease of 20% ethyl alcohol; so that the force with which the 
oppositely charged ions are bound and similarly charged ions repelled 
in this medium is stronger with the result that there is not only 
no increment, but on the other hand it is seen that the rate of initial 
diminution of the cataphoretic velocity of the colloidal copper ferro- 
cyanide with concentration of potassium chloride is higher, the 
higher the amount of alcohol taken. With higher concentration of 
electrolytes the subsequent rise is also higher, the higher the per- 
centage of alcoho! taken except in the case of 20% alcohol where 
it is not possible to measure the velocity at these concentrations of 
electrolytes. In the case of 10% ethyl alcchol the colloid after 
partial coagulation shows a lower density of charge. This is also 
easily explicable from the point of view developed above. In the 
case of 20% ethyl alcohol, though the initial density of charge is low, 
there is no initial rise obviously due to the very great lowering of 
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dielectric constant, with the result that the @milarly charged 
ions are repelled and the oppositely charged ions are bound with a 
comparatively much higher force. Thus all these considerations 
show that only under certain conditions, an initial increment in the 
charge is possible. Possibly besides the change in the dielectric 
constant of the medium and the activities of ions with the addition 
of these non-electrolytes, there is also a variation in the thickness of 
the double layer, in the mobilities and the apparent radii of the 
ions concerned—but our knowledge about these properties is not 
sufficient to warrant discussions on such a basis in detail. 


CoNCLUSION. 


In this paper an attempt has been made to explain the different 
types of results on cataphoretic velocity, in presence of electrolytes 
and non-electrolytes essentially on the basis of the double layer as 
conceived by Mukherjee (loc. cit.). While these considerations are 
sufficient to indicate at least qualitatively the nature of the curves 
showing the variation in the cataphoretic velocity of a colloid in 
presence of electrolytes and non-electrolytes it is realised that in 
view of the absence of relevant data on the dielectric constant of 
mixtures of electrolytes, colloids and non-electrolytes, any quantita- 
tive explanation is not possible. But though limited in this way, 
it has been shown (on the assumption of a proportionate variation 
in the dielectric constant of the colloid as that of water on the 
addition of a non-electrolyte) by taking into consideration other 
factors than dielectric constant, that an initial rise in the cata- 
phoretic velocity of colloids is possible even without the chemical 
adsorption of similarly charged iops or any increase in the dielectric 
constant (cf. Fig. 8 with BaCl,). A strong possibility has also 
been pointed out that increment of cataphoretic velocity of a colloid 
does not always indicate an increment of charge due to the chemical 
adsorption of ions similarly charged to that of the colloid. From 
these considerations it is also possible to conceive a simple mechanism 
of the displacement of a bivalent ion by a monovalent ion or of 
cationic antagonism in the case of negatively charged hydrosols (the 
cataphoretic velocity is increased with the addition of a salt with 
monovalent precipitating ion when the density of the charge has 
already been diminished by a salt with bivalent precipitating ion as 
observed by Mukherjee, Chaudhury and Reichaudhury, and the 
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increment ascribed to the displacement of a bivalent ion, J. Indian 
Chem. Soc., 1927, 4, 493). All these results on the cataphoretic 
velocities and particularly those near about the coagulating concentra- 
tions of electrolytes and their interpretations show that it is not now 
possible to think of coagulation taking place at a critical potential 
both from the theoretical and experimental points of view, and that 
equicoagulating concentrations of electrolytes do not always depress 
the charge of the colloidal particle to the same extent and that the 
adsorbability and the coagulating power of a precipitating ion’ cannot 
always go hand in hand, as first pointed out by Wo. Ostwald (Kolloid 
Z., 1920, 26, 28). 

My best thanks are due to Prof. J. N. Mukherjee, D.Sc., for 
guidance and helpful criticism and to Lt. Col. R. N. Chopra M.A,, 
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Director of School of Tropical Medicine for his kind encouragement 
and sympathy during the course of this investigation. Thanks are 
also due to my friend Mr. N. P. Chatterjee, M.Se., without whose 
invaluable help most of the observations with non-electrolytes could 
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Photosynthesis of Nitrogenous Compounds. 
By L. N. Baaraava anv N. R. Duar. 


In a series of papers Baudisch (Ber., 1911, 44, 1009; 1913, 46, 
115; 1917, 50, 652) first investigated in vitro the photo-formation of 
nitrogenous compounds by exposing a mixture of formaldehyde and 
potassium nitrate or nitrite to radiations from a mercury vapour 
lamp. Instead of formaldehyde, he sometimes used methy! alcohol. 
He reported the formation of form hydroxanmaic acid and its potassium 
salts in his experiments, and an alkaloidal substance was also 
obtained but he could not identify it as the amount was exceedingly 
small. He seemed to have also obtained pyrrol and pyridine deriva- 
tives in very small quantities. 

Baly, Heilbron and Stern (J. Chem. Soc., 1923, 128, 165), after 
exposing ammonia solutions, saturated with carbon dioxide to radia- 
tions from a quartz-mercury vapour lamp, seemed to have obtained 
methylamine and pyridine. According to Baly and co-workers, if 
ammoniacal solutions of cupric carbonate saturated with carbon 
dioxide are used, methylamine and pyridine or piperidine are formed. 
When 2M solutions of formaldehyde and ammonia are exposed to 
ultraviolet light from 6 to 10 days, a solid brown substance giving 
the reactions of the alkaloid coniine is reported to be formed along 
with other products already mentioned. Snow and Stone (ibid., 
1923, 128, 1509), however, have stated that the evidence of Baly, 
Heilbron and Stern (loc cit.) for the formation of pyridine and 
coniine is inconclusive. 

Dhar and Sanyal (J. Phys. Chem., 1925, 29, 926), by exposing 
ammonia, carbonic acid and formaldehyde for 20 hours to sunlight, 
could obtain methylamine but no pyridine. On exposing ammonia, 
formaldehyde and cupric carbonate for 80 hours to tropical sunlight, 
they obtained methylamine and an alkaloidal substance the identity 
of which could not be established as the amount was small. 

It will be evident, therefore, that some complex nitrogenous 
substances have been obtained by the action of light on a mixture of 
formaldehyde and nitrite or ammonia in presence of catalysts. But 
the amounts being exceedingly small, the results are not very definite 
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and not exactly reproducible. Moreover, the view has been 
advanced that the synthesis of proteins can take place in the dark 
provided carbohydrate is available and that the nitrogen assimilation 
is not a photochemical process. 

In view of this unsatisfactory position of the problem of the 
photosynthesis of nitrogenous compounds, a systematic work on this 
line has been undertaken in this laboratory. In this communication, 
we are recording our results obtained on the photosynthesis of 
methylamine and nicotine, on exposing formaldehyde and ammonia 
with different catalysts to tropical sunlight. 


EXPERIMENTAL. 


2% Solutions of Merck’s formaldehyde after distillation were 
mixed with small amounts of concentrated ammonia and were expos- 
ed to sunlight for a long time in presence of different catalysts, e.g., 
zinc oxide, titanium oxide, copper carbonate, nickel carbonate, etc. 
After the necessary exposure, the solutions were filtered and distilled 
over a sand-bath, The amine was tested for in the distillate. The 
residue left in the flask was treated with ether. The ether extract 
was shaken with dilute sulphuric acid. If any basic substance were 
present, it would come in the aqueous layer, which was made 
alkaline and again shaken with ether. In our experiments, the 
second ethereal extract was very small and it smelt like tobacco. 
Hence, we suspected the presence of nicotine but as a large amount 
of hexamethylenetetramine is also formed by the action of ammonia 
and formaldehyde and as this substance showed all the tests of 
alkaloids, precautions were taken to remove hexamethylenetetramine 
from the mixture. We have observed that the precipitate obtained 
by the addition of mercuric chloride solution to hexamethylenetetra- 
mine is white but the precipitate with nicotine is yellow, which dis- 
solves readily in dilute acetic acid, but the white precipitate obtained 
from hexamethylenetetramine and mercuric chloride is not readily 
soluble in dilute acetic acid. This is how we could separate a small 
quantity of nicotine from hexamethylenetetramine. 

In order to find out whether any nitrogenous compound is formed 
in the absence of light, blank experiments with the reacting subs- 
tances and catalysts in the same proportions were carried on in 
vessels kept in the dark for the same period as in light. The reacting 
substances kept in the dark were also analysed according to the 
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method already mentioned, but in no case could we detect the pre- 
sence of methylamine or any nitrogenous compound except hexa- 


methylenetetramine. 
Tasie I, 
Experiment. Time of exposure Results. 
to sunlight. 

1. 2% Formaldehyde (150 c.c.) 80 hr. Hexamethylenetetramine, 
and 6'2N-ammonia (6 c.c.) and methylamine and _nico- 
cupric carbonate (6 g.) in three sealed tine obtained 
bulbs 

2. 2% Formaldehyde (500 c.c.) and 120 Hexamethylenetetramine, 
6°2 N-ammonia (15 c.c.) and cupric car- methylamine and an oily 
bonate (5g.) in two pyrex glass substance of nicotine 
beakers smell obtained 

3. 2% Formaldehyde (500 c.c.) 110 Hexamethy lenetetramine, 
and 6°2 N-ammonia (10 c.c.) and cupric methylamine and nicotine 
carbonate (5 g.) in a glass trough obtained 

4. 2% Formaldehyde (200 c.c.) and 80 Do 


6°2 N-ammonia (4 c.c.) and titanium 
oxide (4 g.) in three sealed bulbs 


5. 2% Formaldehyde (2000 c.c.) and 120 Do 
6°2 N-ammonia (25 c.c.) and titanium 
oxide (5 g.) in a big enameled dish 


6. 2% Formaldehyde (2000 c.c.) and 130 Do 
6°2 N-ammonia (25 c.c.) and titanium 
oxide (5 g.) in a big enameled dish 


7. 2% Formaldehyde (500 c.c.) and 90 Do 
6°2 N-ammonia (10 c.c.) and zine oxide 
(5 g.) in a glass trough 

8. 2% Formaldehyde (2000 c.c.) and 130 Do 
6°2 N-ammonia (25 c.c.) and zinc oxide 
(5 g.) in a big enameled dish 

The nicotine was obtained as the hydrochloride and all the 
standard tests were applied. In order tobe definite that the subs- 
tance obtained is practically pure nicotine hydrochloride, we deter- 
mined the molecular weight by igniting known weights of the dry 
chloroplatinate of the base and the following values of the molecula™ 
weights were obtained. 


10 
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TaBue, II. 
Chloroplatinate. Platinum obtained. M. W. found. Actual M. W. 
of nicotine. 
1. 0°0041 g. 00011 g. 158°68 162'13 
2. 0°0569 0°0152 160°25 
3. 0°0612 0°0163 161°35 


It appears, therefore, that we have been able to obtain nicotine 
practically in a pure condition by exposing formaldehyde and ammo- 
nia with catalysts like cupric carbonate, titanium oxide, zinc oxide 
etc., for a long time to sunlight. But cupric carbonate seems to be 
the best catalyst. 

In most preparations, after filtering the solution and distilling 
the filtrate, methylamine was obtained. Methylamine could be 
detected by the carbylamine test and by the melting point of the 
hydrochloride. 

We are of the opinion that in the photosynthesis of nitrogenous 
compounds, inorder to get positive evidence, the following points 
should be noted : 

(a) The temperature of the reacting mixture may not exceed 
35°. (b) Better yield of the nitrogenous compound is obtained if the 
incident radiation is rich in ultraviolet radiations. (c) The intensity 
of the light must be high. 

We carried on some experiments with a mercury vapour lamp 
and after an exposure lasting for 25 hours, a mixture of 2% formal- 
dehyde (500 c. c.) and 10 c. c. of 6°2N-ammonia without any photo- 
catalysts yielded methylamine and nicotine. 


DIscussIon. 


From the researches carried on in these laboratories, we are of 
the opinion that formaldehyde is actually formed from carbon 
dioxide and water vapour by the absorption of light. In a recent 
communication Dhar and Atma Ram (J. Indian Chem. Soc., 1938, 10, 
287) have reported that from 0°001 to 0°00015 g. of formaldehyde is 
present per litre of freshly collected rain-water and they have attri- 
buted the presence of formaldeheyde in rain-water to its photo-forma- 
tion from carbor dioxide and water vapour present in the atmopshere. 
Moreover, the above authors (Z. anorg. Chem., 1932, 206, 171) have 
obtained larger yields of formaldehyde by the photo-reduction of 
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carbonic acid and bicarbonates by metals like cerium, magnesium, etc. 
Also there is the possibility of the generation of formaldehyde by the 
photo-decomposition of carbohydrates, organic acids and other organic 
substances. It is well known that ammonia and its compounds occur in 
the atmosphere and these are washed down to the soil by rain-water. 
In recent communications (Rao and Dhar, Soil Science, 1931, 31, 
379; Z. anorg. Chem., 1931, 199, 422) it has been shown that ammo- 
nia and its compounds present in the atmosphere and in the soil are 
converted into nitrite by their oxidation by air in presence of sun- 
light. Hence, in nature, formaldehyde and nitrite or ammonium 
salts react forming the basis of complex nitrogenous substances. 
Also the sugars present in the plants may undergo partial oxidation 
to mucic acid. It has already been stated that some investigators 
have reported the formation of pyridine on exposing a mixture of 
formaldehyde and nitrite or ammonia solutions. It seems likely 
that pyridine derivatives of the nature of 8-aminopyridine may also 
be formed by the condensation of methylamine and formaldehyde. 
The mucic acid and the B-aminopyridine may form nicotine passing 
through different stages. 

It is interesting to note that Pictet, and Rotschy (Ber., 1904, 37, 
1225) have already synthesised laevo-nicotine corresponding to the 
natural alkaloid starting from 8-aminopyridine and mucic acid in the 
laboratory in the absence of light. 

Attempts are being made to find out whether the photosynthesised 
nicotine is optically active or not. The photosynthesis of other nitro- 
genous compounds is in progress. 

As no nicotine or methylamine could be obtained by keeping the 
reacting substances in the same proportions in the dark under 
conditions similar to those kept in the light, we believe that light is 
essential for the formation of methylamine and nicotine from formal- 
dehyde and ammonia. It appears, therefore, that the view that the 
synthesis of complex nitrogenous compounds is not photochemical 
in nature, is incorrect. 


SUMMARY. 


1. By exposing 2% solutions of formaldehyde and small quantities 
of ammonia in presence of catalysts, e.g., copper carbonate, zinc oxide, 
titanium oxide, etc., to sunlight or to radiations from a mercury 
vapour lamp, methylamine and nicotine have been obtained. 


458 L. N. BHARGAVA AND N. R. DHAR 


2. Nicotine can be separated from hexamethylenetetramine, 
which is always obtained in large quantity in these reactions by the 
solvent action of dilute acetic acid on the yellow derivative obtained 
with solutions of mercuric chloride and nicotine. This derivative of 
nicotine dissolves readily in dilute acetic acid solutions, whilst the 
hexamethylenetetramine compound obtained with mercuric chloride 
is white and is insoluble in dilute acetic acid. 

3. The molecular weight of the photosynthesised nicotine was 
determined by igniting known weights of the chloroplatinate of the 
base and weighing the platinum. The mean value of the molecular 
weight of the nicotine obtained by photosynthesis is 160°09 and 
theory requires 162°13, 

4. A probable mechanism for the formation of nicotine in 
light seems to be the condensation of 8-aminopyridine with mucic 
acid, 

5. It appears from our results that the synthesis of nicotine from 
formaldehyde and nitrite or ammonia requires light and the view that 
the synthesis of nitrogenous compounds in nature is not photochemical 
seems to be incorrect. 


CHEMICAL LABORATORY, 
ALLAHABAD UNIVERSITY, Received January 20, 1933. 
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On some Dinitropolyhalogen Derivatives of Benzene. 


By Sa1aM Sunpar JosHi AND SHRIRANG M, Sane, 


It has been shown in earlier papers (J. Chem. Soc., 1924, 125, 
2481; J. Indian Chem, Soc., 1928, 5, 299; 1932, 9, 59) that the action 
of p-toluenesulphony! chloride on dinitrophenols first observed by 
Ullmann and Nadai (Ber., 1908, 41, 1870) provides one of the best 
and readiest methods of replacing a hydroxyl group by a chlorine 
atom, and if suitable derivatives of benzene containing a hydroxyl 
group are selected, chloroderivatives of these compounds are 
obtained containing the chlorine atom ina known position. The 
chlorine atom so introduced is very labile and is capable of being 
replaced by various groups, A large number of these chloro deriva- 
tives have already been described (loc. cit.) and it is proposed in this 
paper to further characterise them by describing a certain number 
of derivatives obtained from each. 

It is well known that a chlorine atom having two nitro groups 
in the 2:4 or 2:6 position is very reactive. The reactivity of the 
halogen atoms in the following four compounds has been studied: 
1-chloro-4-bromo-2 :6-dinitrobenzene, 1-chloro-4-iodo-2:6 dinitroben- 
zene, 1-chloro-2-bromo-4:6-dinitrobenzene, 1-chlpro-2-iodo-4 :6-dini- 
trobenzene. It has been found that the chlorine atom in each of the 
above compounds can be directly replaced by the following groups: 


CH,-CH, 
NH,, NHC,H5, N(CHs)e. my Sci. 


These compounds readily react with p-phenylenediamine giving 
rise to diphenyl-p-phenylenediamine derivatives. They readily con- 
dense with phenylhydrazine forming triazoles. They also react 
with o-aminophenol, a phenoxazine being the product of the 
reaction. 
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EXPERIMENTAL. 
Derivatives from 1-Chloro-4-bromo-2 :6-dinitrobenzene. 


4-Bromo-2 :6-dinitroaniline was obtained by passing a current of 
ammonia into a boiling alcoholic solution of 1-chloro-4-bromo-2 :6- 
dinitrobenzene (2°8 g.). The liquid soon became reddish; after 
half an hourthe current of ammonia was stopped and the liquid 
cooled and filtered and the bromodinitroaniline crystallised from 
alcohol in orange needles, m.p. 159° (cf. Meldola and Streatfield, 
J. Chem. Soc., 1898, 78, 688; see also Ber., 1876, 9, 919). (Found: 
N, 16°01. Cale.: N, 16°04 per cent). 

4-Bromo-2 :6-dinitrodiphenylamine.—A solution of 1-chloro-4- 
bromo-2:6-dinitrobenzene (2°8 g.) in alcohol was heated on the 
water bath with aniline (2¢.c.). The liquid soon turned red and 
on cooling the diphenylamine derivative separated out after half 
an hour and was crystallised from alcohol in orange needles, 
m.p. 122°, yield 3 g. (Austen, Ber., 1876, 9, 920). (Found: N, 12°15. 
Calc. : N, 12°48 per cent). 

4-Bromo-2 :6-dinitrodimethylaniline.—To an alcoholic solution of 
1-chloro-4-bromo-2 :6-dinitrobenzene (2°8 g.) dimethylamine (33%, 
4¢.c.) was added and the mixture boiled on the water-bath for 
half an hour. On cooling orange-yellow plates separated out 
(2°3 g.) which were recrystallised from alcohol or from a mixture 
of acetone and water, m.p. 119°. (Found: N, 14°58. CgH,0, 
N,Br requires N, 14°48 per cent). 

4-Bromo-2 :6-dinitrodiphenylpiperidine.—Piperidine (2¢c.c.) was 
added to a solution of 1-chloro-4-bromo-2:6-dinitrobenzene (2°8 g.) 
in alcohol and the mixture kept on the boiling water-bath for half 
an hour; an orange compound separated out on adding some 
water and cooling; orange yellow needles from dilute alcohol 
and also from dilute acetic acid, m.p. 110°, yield 2°9 g. (Found: 
N, 12°46. C,,H,,0,N,Br requires N, 12°73 per cent). 

Dibromotetranitrodiphenyl-p-phenylenediamine.—A solution of 
1-chloro-4-bromo-2 : 6-dinitrobenzene (2°8 g.) in alcohol, p-phenylene- 
diamine (0°6 g.) and anhydrous sodium acetate (3 g.) were heated on 
a boiling water-bath. The liquid soon darkened and dark crystals 
began to separate. After about 45 minutes the liquid was cooled 
and filtered. The p-phenylenediamine derivative dissolves sparingly 
in alcohol and acetone and moderately in acetic acid and crystallises 
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from an excess of acetic acid in dark red crystals, m.p. above 
800°, yield 2°6 g. (Found: N, 13°79. C,,H)9O,N,Bro requires N, 
14°05 per cent). 

8-Bromo-5-nitrophenoxazine.—1-Chloro-4-bromo-2:6-dinitrobenzene 
(2°8 g.) dissolved in alcohol, o-aminophenol (1°2 g.) and anhydrous 
sodium acetate (3 g.) were heated on a boiling water-bath. The 
liquid soon became dark and crystals began to separate. After 
about an hour the liquid was cooled and filtered. The phenoxa- 
zine dissolves sparingly in alcohol and moderately in acetic acid 
and crystallises from acetic acid in violet silky needles, m.p. 179°, 
yield 1°4 g. (Found: N, 8°83; Br, 26°0. C,gH,0O;N,Br requires 
N, 9°12; Br, 26°04 per cent). 

2-Phenyl-5-bromo-7-nitropseudoaziminobenzene.—A solution of 
1-chloro-4-bromo-2 : 6-dinitrobenzene (2°8 g.) in alcohol and phenylhy- 
drazine (2°1 g.) were heated together on a water-bath. Soon after 
shining crystals began to separate. The liquid was cooled after 
half an hour and filtered. The compound dissolves sparingly in 
alcohol and in acetone and crystallises from toluene in beautiful 
shining golden yellow plates, m.p. 199°, yield 2°8 g. (Found: 
N, 1758. C,,H;O,N,Br requires N, 17°55 per cent). 

Derivatives from other compounds containing a labile chlorine 
atom can be obtaine’ in the manner described above and they are 
briefly described. 


Derivatives from 1-Chloro-4-iodo-2 : 6-dinitrobenzene. 


4- Iodo-2 :6-dinitroaniline dissolves slightly in alcohol, easily in 
acetone, acetic acid and toluene. It crystallises from alcohol in orange 
silky needles, m.p. 175°. (Found: N, 13°42. CgH,O,N;I requires 
N, 13°60 per cent). 

4-lodo-2:6-dinitrodimethylaniline dissolves easily in common 
organic solvents and crystallises from alcohol in orange silky need- 
les, m. p. 100°. (Found: N, 12°27. C,H,gO,N;I requires N, 12°47 
per cent). 

4-Iodo-2:6-dinitrodiphenylamine dissolves easily in common 
organic solvents and crystallises from alcohol in dark red plates, 
m. p. 185°. (Found: N, 10°85. C,,H,0,N;I requires N, 10°92 
per cent). 

4-Iodo-2 :6-dinitrophenylpiperidine dissolves sparingly in alcohol 
and easily in acetone and crystallises from a mixture of alcohol and 
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acetone in yellow crystals, m.p. 99°. (Found: N, 11°17. C,,;H,,0,N,I 
requires N, 11°15 per cent). 

3-Iodo-5-nitrophenoxazine dissolves very sparingly in alcohol and 
acetone and benzene. It crystallises from acetic acid in violet silky 
needles, m. p. 210°. (Found: N, 78. CygH;O,NoI requires N, 
7°91 per cent). 

2-Phenyl-5 iodo-7-nitropseudoaziminobenzene dissolves easily in 
alcohol and toluene and crystallises from toluene in yellow crystals, 
m. p. 209°. (Found: N, 15°06. C,,H;O,N,I requires N, 15°30 
per cent). 


Derivatives from 1-Chloro-2-bromo-4 :6-dinitrobenzene. 


2-Bromo-4 ;6-dinitrophenylpiperidine dissolves easily in common 
organic solvents. It crystallises from alcohol and also from a mixture 
of acetone and water in shining golden plates, m. p. 127°. (Found: 
N, 12°54. C,,H,,0,N;Br requires N, 12°73 per cent). 

2-Phenyl-7-bromo-5-nitropseudoaziminobenzene dissolves very 
slightly in alcohol, slightly in acetone and more easily in toluene. 
It erystallises from toluene in shining colourless crystals, m. p. 174°. 
(Found: N, 17°78; Br, 25°23. C,gH,O,N, Br requires N, 17°55; 
Br, 25°08 per cent). 

Some other derivatives of 1-chloro-2-bromo-4 :6-dinitrobenzene 
have already been described (J. Chem. Soc., 1924, 125, 2481). 


Derivatives from 1-Chloro-2-iodo-4-6-dinitrobenzene. 


2-Iodo-4 :6-dinitroaniline is sparingly soluble in alcohol and more 
in toluene and crystallises from toluene in yellow crystals, m.p. 158°. 
(Found: N, 13°35. CgH,O4N;I requires N, 13°60 per cent). 

2-Iodo-4 :6-dinitrodiphenylamine dissolves easily in common 
organic solvents and crystallises from alcohol and acetic acid in 
orange crystals, m. p. 144°. (Found: N, 11°24. C,,H,0,N,I 
requires N, 10°92 per cent). 

2-Iodo-4:6-dinitrodimethylaniline easily dissolves in common 
organic solvents and crystallises from alcohol in orange-yellow silky 
(Found: N, 12°16. CgH,O,N,I requires N, 


needles, m. p. 112°. 


12°47 per cent). 
Diiodotetranitrodiphenyl-p-phenylenediamine is very sparingly 


soluble in alcohol and acetone and crystallises from acetic acid as 
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dark red crystals, m. p. above 300°. (Found: N, 12°48. C,gH 4 90x, 
Nl, requires N, 12°15 per cent). 

2-Phenyl-7-iodo-5-nitropseudoaiminobenzene dissolves sparingly in 
alcohol and acetone and more easily in toluene and crystallises from 
it in shining colourless plates, m. p. 192°. (Found: N, 15°05. 
C ygH,OgN,I requires N, 15°30 per cent). 

3:5-Dinitrophenozazine (m. p. 214°-15°) is identical with the 
compound obtained from picry! chloride and 1-chloro-2-bromo-4 :6- 
dinitrobenzene (J. Chem. Soc., 1891, 59, 722; 1924, 125, 2481). 


CHEMICAL LABORATORY, Received May 22, 1933. 


Lucknow UNIVERSITY. 
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The Directive Effect of Substituents on the Cyclisation 
of Substituted s-Diarylthiocarbamides. Part II. 
The Effect of the Fluorine Atom on the Thiazole 
Cyclisation of p-Fluoro-s-diphenylthio- 
carbamides by Bromine. 


By Mowammap Omar Faroog AND Rospert Fercus Hunter. 


In view of the attention which has been directed in recent years 
by Ingold and his collaborators to the effect of fluorine substituents 
in aromatic substitution (Holmes and Ingold, J. Chem. Soc., 1926, 
1328; Ingold and Shaw, ibid., 1927, 2918 ; Ingold and Vass, ibid., 
1928, 417 ; Ingold and Ingold, ibid., p. 2254), it appeared of interest 
to include a study of the behaviour of p-fluoro-s-diphenylthiocarba- 
mides (I) towards bromine in the present investigation (cf. Hunter, 
J. Indian Chem. Soc., 1932, 9, 435). 


R R s ee 
Odes c YF ee: ‘NH ¢ > 
(I) (II) 


Under the usual conditions of thiazole cyclisation by bromine, 
the p-tolyl-, p-bromophenyl-, and 1-p-chlorophenylthiocarbamides 
(I, R=Me, Br and Cl respectively) gave rise to 4/-fluoro-1-ani- 
linobenzthiazoles (II, R=Me, Brand Cl), identical with the bases 
obtained by condensation of p-fluoroaniline with the corresponding 
5-substituted 1-chlorobenzthiazoles. 

s-p-Fluorophenyl-p nitrophenylthiocarbamide (I, R=NOg), on the 
other hand, yielded a base isomeric with 4/-fluoro-5-nitro-1-anilino- 
benzthiazole (II, R=NOg) obtained from 5-nitrochlorobenzthiazole 
and p-fluoroaniline, which was shown to be 4/-nitro-5-fluoro-1-anilino- 
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benzthiazole (IV) by its synthesis from 5-fluoro-1-chlorobenzthiazole 
(III) and p-nitroaniline. 


WA, 8. 
Tica ‘Cl CL CNH ¢ yo, 
At 
(III) (IV) 


The effect of the fluorine atom, therefore, falls into line with that 
of the other halogens previously studied (Dyson, Hunter and Soyka, 
J. Chem. Soc., 1929, 458 ; Hunter and Jones, J. Chem. Soc., 1930, 
2190) ; the inhibitory effect of substituents on benzthiazole formation 
from thiocarbanilides being in the order : NO. >F>ClI>Br> 
EtO > Me (cf. Hunter, Sir P. C. Ray Commemoration Volume, J. 
Indian Chem. Soc., 1933, p. 79). 


EXPERIMENTAL. 


s-p-Fluorophenyl-p-tolylthiocarbamide (I, R=Me).—A solution of 
p-fluorophenylthiocarbimide (Dyson, Hunter, Jones and Styles, J. 
Indian Chem, Soc., 1931, 8, 147) in ethyl acetate (2°38 g. in 8 c.c.) 
was mixed with a solution of p-toluidine (1°8 g.) in the same solvent 
(8 c.c.) when a pale yellow colour developed and the mixture was 
concentrated on a steam-bath. On recrystallisation from ethyl ace- 
tate (charcoal), the thiocarbamide was obtained in glistening plates, 
m.p. 169°, yield 2°4 g. (Found: 8, 12°7. C,,H,3NoFS requires 
S, 12°3 per cent). In later experiments, the yield was raised to 2°7 g. 
by substituting benzene for ethyl acetate as the medium of condensa- 
tion. 

4/-Fluoro-1-anilino-5-methylbenzthiazole (II, R=Me). (i) Cyclisa- 
tion of s-p-fluorophenyl-p-tolylthiocarbamide.—Bromine (1°4 c.c. in 2 
c.c. of chloroform) was added to a solution of the flourophenyl- 
tolylthiocarbamide (0°8 g.) in chloroform (13 c.c.) and the mixture 
was heated on a steam-bathurder reflux, when hydrogen bromide 
was copiously evolved during the first 10 minutes. Heating was conti- 
nued for 4 hour and the resulting solution was concentrated under 
reduced pressure at laboratory temperature when the hydroperbro- 
mide of the fluoroanilinobenzthiazole crystallised in yellow plates, 
which were collected on a porous earthenware and dried in vacuum. 
The bromo-addition compound was added to saturated sulphurous 








eee 

















-~ 
poh 








ate 





CYCLISATION OF SUBSTITUTED S-DIARYLTHIOCARBAMIDES 467 


acid and sulphur dioxide was passed through the mixture until the 
solid matter was colourless. On basification with ammonia (d 0°880) 
and recrystallisation from alcohol, 4/-fluoro-1l-anilino-5-methylbenz- 
thiazole was obtained in small crystals which had m. p. 182° alone, 
and when mixed with the specimen prepared from 1-chloro-5- 
methylbenzthiazole and _ p-fluoroaniline. (Found: §, 12°2. 
C,4H,,NeFS requires 8, 12°3 per cent). 

(ii) Synthesis from 1-chloro-5-methylbenzthiazole and p-fluoroani- 
line—A mixture of 1-chloro-5-methylbenzthiazole (0°9 g.) and p- 
flouroaniline (0°6 g.) was heated in a wide mouth Pyrex boiling tube 
over a small naked flame for 2-3 minutes when a vigorous reaction 
took place. On basification with ammonia and _recrystallisation 
from alcohol, 4/-fluoro-] anilino-5-methylbenzthiazole was obtained 
in small crystals, m.p. 183°. 

s-p-Fluorophenyl-p-bromophenylthiocarbamide (I, R=Br), pre- 
pared from p-fluorophenylthiocarbimide (3 g.) in benzene (10 c.c.) 
and p-bromoaniline (3°5 g.) in the same solvent (10 c.c.), separated 
from ethyl acetate in glistening plates, m.p. 159-60° (4°7g.), which 
on further recrystallisation from benzene finally melted at 164-65°. 
(Found: §8, 9°8. C,;;H,; 9NeBrFS requires S, 98 per cent). 

4!-Fluoro-5-bromo-1-anilinobenzthiazole (II, R=Br). (i) Cyclisation 
of s-p-fluorophenyl-p-bromophenylthiocarbamide.—The fluoropbeny]- 
bromophenylthiocarbamide (0°5 g.). suspended in chloroform (10 c.c.), 
was treated with bromine (0°7 c.c. in 1 c¢.c. of chloroform) and the 
mixture was refluxed for 12 minutes and the hydroperbromide was 
collected on a porous eartbenware and dried in a vacuum in the 
usual way. It formed orange yellow plates, m.p. 165-66°, which 
were added to sulphurous acid and treated with sulphur dioxide 
until all solid matter was colourless. On basification with ammonia 
and recrystallisation from alcohol, 0°45 g. of 4’-fluoro-5-bromo-1- 
anilinobenzthiazole, m.p. 210° was obtained. On repeated recrys- 
tallisation from ethyl acetate, in which the base is very soluble, 
the melting point was finally raised to 218-19°. A mixture 
of this with 4/-fluoro-5-bromo-1-anilinobenzthiazole obtained from 
the condensation of 1-chloro-5-bromobenzthiazole and _ p-fluoro- 
aniline melted at 221-22°. In a similar experiment in which a 
suspension of the fluorophenylbromophenylthiocarbamide (0°8 g.) 
in chloroiorm (13 c.c.) was treated with bromine (1°5 c.c. in 
1°5 c. c. of chloroform) and the mixture was heated under reflux for 
4 hour, the first crop of 4/-fluoro-5-bromo-1l-anilinobenzthiazole 
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obtained by recrystallisation of the base from the reduction of the 
hydroperbromide had m. p. 216°, and m. p.221-22° when mixed with 
a genuine specimen. The second crop of crystals, however, had m. p. 
170° which was further depressed by admixture with 4’-fluoro-5-bromo- 
l-anilinobenzthiazole and appeared to consist mainly of unchanged 
fluorophenylbromophenylthiocarbamide. A similar result was also 
obtained by treating a solution of fluorophenylbromophenylthiocarba- 
mide (0°9g.) in chloroform (25 c. ¢c.) with bromine (1°6c.c. in 
2°5 c. c. of chloroform). 

(ii) Synthesis from 1-chloro-5-bromobenzthiazole and p-fluoro- 
aniline.—An intimate mixture of 1-chloro-5-bromobenzthiazole (1'2 g.) 
and p-fluoroaniline (0°5 g.) was heated until a violent reaction took 
place. On basification with ammonia and recrystallisation from 
ethyl acetate, 4/-fluoro-5-bromo-l-anilinobenzthiazole was obtained 
in soft glistening plates, m. p. 222-23°. (Found: Br, 24°6; 8, 10°1. 
C,;HgNoBrFS requires Br, 24'8; 5, 9°9 per cent). 

s-p-Fluorophenyl-p- chlorophenylthiocarbamide, prepared by con- 
densation of benzene solutions of p-fluorophenylthiocarbimide (2°3 g.) 
and p-chloroaniline (1°9 g.), separated from benzene in glistening 
plates, m. p. 158-59°. (Found: 8, 11°9. C},H, 9N2CIFS requires §, 
11°8 per cent). 

4!-Fluoro-6-chloro.1-anilinobenzthiazole. (i) Cyclisaion of s-p- 
fluorophenyl-p-chlorophenylthiocarbamide.— Bromine (1°6 c. ¢. in 
2°5 c. c. of chloroform) was added to the fluorophenylchloropheny]- 
thiocarbamide (0°9 g.) in chloroform (23 c. c.), and the mixture was 
heated under reflux for 30 minutes and cooled in ice. The bromo- 
addition compound was dried in vacuum in the usual way, sus- 
pended in sulphurous acid and treated with sulphur dioxide until 
reduction was complete. On basification and recrystallisation from 
alcohol—ethyl acetate, 4/-fluoro-5-chloro-l-anilinobenzthiazole was 
obtained which had m. p, 218°, and m. p. 222° when mixed witha 
specimen of the base obtained by condensation of 1:5-dichlorobenz- 
thiazole with p-fluoroaniline. The base obtained from the mother 
liquors had m. p. 172° which rose to 190° when mixed with genuine 
4/-fluoro-5-chloro-1-anilinobenzthiazole and contained thiocarbamide 
which had escaped cyclisation. Ina similar experiment in which 
O0'7 g. of the fluorophenylchlorophenylthiocarbamide in chloroform 
(LO c. c.) was treated with bromine (1°4 c. c. in 2c. c. of'chloroform), 
4'-fluoro-5-chloro-1-anilinobenzthiazole was isolated which had m. p. 
219-20° alone, and m.p. 220-22° when mixed with a specimen obtained 
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from the dichlorobenzthiazole. In another experiment in which 05 g. 
of the thiocarbamide in chloroform (10 ¢.c.) was treated with bromine 
(0'8 c. c. in 1c. c. of chloroform) and heating was continued for 43 
minutes, the first crop of 4/-fluoro-5-chloro-l-anilinobenzthiazole 
obtained on recrystallisatiun from methyl alcohol had m. p. 218° 
alone, and m. p. 219-20° when mixed with a genuine specimen. The 
base obtained from the mother liquors, however, had m.p. 172° 
which rose to 184° on admixture with 4/-fluoro-5-chloro-1-anilinobenz- 
thiazole, and contained free thiocarbamide which was detected by 
alkaline lead solution in the usual way. 

(ii) Synthesis from 1:5-dichlorobenzthiazole and p-fluoroaniline,— 
An intimate mixture of 1 :5-dichlorobenzthiazole (vide Part iii, p. 563) 
and p-fluoroaniline in equimolecular proportions was heated until a 
violent reaction took place. On basification and recrystallisation 
from alcohol—ethyl acetate, 4/-fluoro-5-chloro-1l-anilinobenzthiazole 
was obtained in soft glistening plates, m. p. 222-23°. (Found: 
Cl, 12 7; 8, 12°0. C},HgN,CIFS requires Cl, 12°7; 8, 11°9 per cent). 

s-p-Nitrophenyl-p-fluoraphenylthiocarbamide, prepared by conden- 
sation of equimolecular proportions of p-nitrophenylthiocarbimide 
(Dyson and George, J. Chem Soc., 1924, 125, 1702) and p-fluoro- 
aniline in benzene, separated from absolute alcohol in pale yellow 
needles, m. p. 170-71°. (Found: 8, 11°2. C;};,H,;,O,N;FS requires 
8, 11°1 per cent). 

4!-Nitro-5-fluoro-1-anilinobenzthiazole (IV). (i) Cyclisation of s-p- 
nitrophenyl-p-fluorophenylthiocarbamide.—Bromine (1 c.c. in1 c.c. 
of chloroform) was added to the nitrophenylfluorophenylthiocarbamide 
(0°5 g.) in chloroform (10 c.c.) and the mixture was heated under 
reflux for 30 minutes and kept overnight. The bromo-addition 
compound was collected, dried in vacuum and reduced with 
sulphurous acid in the usual way. On basificution with ammonia 
(d 0°880) and recrystallisation from dilute alcohol, 4/-nitro-5-fluoro- 
1-anilinobenzthiazole was obtained in pale yellow crystals, m.p. 252- 
53°. (Found: 8S, 11°2. C,;H,O,N;FS requires S, 11°1 per cent). 

(ii) Synthesis from 5-fluoro-l-aminobenzthiazole by way of 5-fluoro- 
1-chlorobenzthiazole. (A). 5-Fluoro-1-chlorobenzthiazole.—2 G. of 5- 
fluoro-l-aminobenzthiazole (Dyson, Hunter, Jones and Styles, J. 
Indian Chem. Soc., 1931, 8, 147) in 10 c.c. of hydrochloric acid were 
diluted with water, cooled to 0° and diazotised with sodium nitrite 
(1 g. in 10 c.c. of water). A further 10 c.c. of concentrated hydro- 
chloric acid were then added to the mixture which was boiled and 





470 M. 0. FAROOQ AND R. F. HUNTER 


thereafter distilled in steam. The aqueous distillate was extracted 
with ether and the product obtained after removal of the ether on a 
steam-bath was recrystallised from methyl alcohol, when 5-fluoro- 
chlorobenzthiazole was obtained in the form of soft silky needles, 
m.p. 97-98°, yield 0°45 g. (Found: Cl, 193. C;H,NCIFS requires 
Cl, 19°0 percent). (B). An intimate mixture of 5-fluoro-1-chloro- 
benzthiazole (0°1 g.) and p-fluoroaniline (0°08 g.) was heated ina 
test tube over a small flame until a violent reaction took place. On 
basification and recrystallisation from methyl aleohol—ethyl acetate, 
4'-nitro-5-fluoro-1-anilinobenzthiazole was obtained which had m.p. 
245° alone and m.p. 249-250° when mixed with the specimen 
obtained from 8-p-nitrophenyl-p-fluorophenylthiocarbamide and 
bromine. 

An attempt to prepare 5-fluoro-1-chlorobenzthiazole by heating 
p-fluorophenylthiocarbimide with phosphorus pentachloride in a 
sealed tube at 150-160° (cf. Hofmann, Ber., 1879, 12, 1126; 1880, 13, 
8; Dyson, Hunter and Soyka, J. Chem. Soc., 1929, 458) proved 
unsuccessful; the bulk of the fluorophenylthiocarbimide being 
recovered unchanged after 7 hours heating, accompanied by what 
appeared to be a derivative of phenylisocyanide dichloride. 

Synthesis of 4!-fluoro-5-nitro-l-anilinobenzthiazole from §-nitro- 
1-chlorobenzthiazole and  p-fluoroaniline.—An intimate mixture of 
1 g. of 5-nitro-l-chlorobenzthiazole (Part IIJ, loc. cit.) and 
p-fluoroaniline (0°55 g.) was condensed in the usual way and the 
basified product was recrystallised from ethyl acetate, when it was 
obtained in short pale greenish yellow crystals, m.p. 278-79°. 
yield 0°6 g. (Found: §, 11°3. C,,HgO2N,FS requires S, 11°1 per cent). 
A mixture of this base with 4’-nitro-5-fluoro-1-anilinobenzthiazole 
(m.p. 252°) melted at 222°. 
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Change of Stability of Sols of Various Concentrations 
with their Purity. 


By S. Gaosa anp R. N. Mittra. 


Ghosh and Dhar (J. Phys. Chem., 1927, 31, 647) have shown 
that when a sol of uranium ferrocyanide is coagulated with a 
mixture of K,Fe(CN), and KCl, the ionic antagonism is more marked 
in the case of the dilute sol than with a concentrated one. 


It is evident from the coagulation experiments of Ghosh and 
Dhar (loc, cit.) »n uranium ferrocyanide sol by KCl in the presence of 
K,Fe(CN), that if the sol be mixed with some of K,Fe(CN), 
which is a stabilising electrolyte, the sol would require more of 
KCl to coagulate a dilute sol than that necessary for a concentrated 
one, whilst the pure sol required the same amounts of KC! to 
coagulate the concentrated and dilute sols. In other words, if a sol 
contains an appreciable amvuunt of stabilising electrolyte that gives 
the ion carrying the same charge as the colloid particle capable of 
being adsorbed by the colloid, the sol may behave abnormally on 
dilution towards its coagulation specially by univalent coagulating 
ions. This is easily explainable from the view developed by Ghosh 
and Dhar that the dilution effect and the behaviour towards a 
mixture of electrolytes are essentially connected and are mainly due 
to the same phenomenon of the adsorption ofions bearing the same 
charge as the colloid particles. 


Recently Mittra and Dhar (J. Indian Chem. Soc., 1982, 9, 815) 
working with ferric hydroxide and aluminium hydroxide sols contain- 
ing appreciable amounts of the stabilising electrolytes, found that 
these sols behave abnormally towards dilution. The same authors 
have noted that the sol of ferric hydroxide when freed from the stabi- 
lising substance, behaves normally towards dilution. 


In this paper we have investigated the sol of thorium hydroxide 
by peptising thorium hydroxide precipitate with thorium nitrate and 
then subsequent dialysis. The following results have been obtained 
for the coagulation of the sols of different stages of purity at their 
various dilutions and also by a mixture of electrolytes. 





N/100-K SO, for com- 
plete coagulation. 


for 


N/100-K,80, 
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Thorium hydrozide sol. 


Purity* = 1°26 


Cone. of ThOs. Amount of nitrate. Ppt. conc. of KBr03. 
3°84 (g./litre) 0°363 (g. /litre) 0°0581M 

1°92 0°181 0°0562 

0°96 0°090 0'0612 


Coagulation with mixture of KBrO, and K,SO,. 


Sol conc. =3°84 g. of ThOg per litre. 


N/8-KBr03 (e.c.) ... 0 4°25 05 1°0 2") 4°0 
{ Obs. mi 2°1 0 1°85 1°65 1°25 0°25 
' 
Cale. ,, = sai 1°85 1°60 Vl 0°12 
| Dif. ,, a <a 00 OM OB 
| 

{ 

Purity =12°2. 
Conc. of ThO, Amount of nitrate. Ppt. conc, of KBrOs. 

8°84 (g./litre) 0°082 (g./litre) 0°024M 

1°92 0°041 0°021 

0°96 0°020 0°019 

Coagulation with mixture of KBrO; and KgSO,. 

Sol conc. =3°84 g. of ThOg per litre. 

N/8-KBrO,  (c.c.) 0 1°9 0°25 0°50 10 1°5 
2 Obs. ,, —-0°875 0 0°775 0°675 0°425 0°19 
8 Calc. ,, 0°759 0°644 0°414 0°184 
3 
= .| Diff. ,, we ae O°016 0°031 0°011 
gs 
os ( 





* Purity is expressd as the ratio of the molar concentrations of the colloid and 


its stabilising substance. 
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It appears, therefore, from the foregoing results that if a sol is_ 
not sufficiently pure and contains large amounts of the stabilising 
electrolyte, the sol may behave abnormally towards its coagulation 
by univalent electrolytes on dilution, inspite of the fact that additive 
relationship is shown when the sol is coagulated by a mixture of 
electrolytes. 

From a study of not less than twenty five sols, Ghosh and Dhar 
have come to the conclusion that when a sol is coagulated by an 
electrolyte, such that the ions carrying the same charge as the colloid 
particles are not adsorbed in appreciable amounts, (a) the sol behaves 
normally towards dilution, (b) shows additive relationship with mix- 
ture of electrolytes, and (c) does not develop the phenomenon of 
acclimatisation when coagulated by the addition of an electrolyte by 
parts. It is, therefore, obvious that the generalisations of Ghosh 
and Dhar on the coagulation of sols by electrolytes would be appli- 
cable in the case of pure sols, Moreover, in one of the publications 
from these laboratories Gore and Dhar (J. Indian Chem. Soc., 1929, 
6, 641) pointed out that considerable change in physical properties 
of a sol is accompanied with the degree of purity of the sol. Desai 
(Koll. Chem. Beih., 1928, 26, 410 ; Current Science, 1932, 1, 125) 
has shown that impure sols of some hydroxides behave abnormally 
on dilution towards their coagulation by KCl, LiCl, ete. When, 
however, the sols are purified by progressive dialysis the sols have a 
tendency to behave normally towards dilution when coagulated by 
the same univalent electrolytes. We are of opinion that this 


behaviour is due to the presence of sufficient quantities of stabilising  ~ 


electrolytes in the impure sols. 

Recently Mukherjee and coworkers (J. Indian Chem. Soc., 1930, 7, 
803) have investigated the stability of both positively and negatively ~ 
charged manganese dioxide sols at various dilutions and report that 
their results are not in agreement with those obtained by Ghosh and 
Dhar (J. Phys. Chem., 1927, 31, 187). Mukherjee and coworkers find 
that both positively and negatively charged manganese dioxide sols 
require more of univalent coagulating ions to coagulate the diluted 
sols and at the same time additive relationships are obtained when the 
sols are coagulated by the mixture of ions of varying valencies. 

Mukherjee and coworkers were unable to free their negatively 
charged manganese dioxide sol from impurities by dialysis. We 
have found that the proper cleaning of parchment paper for the 
dialysis of the sol with moderately concentrated HNO, is necessary 


2 
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in the preparation of the sol. The decomposition of KMnO,, which 
is essentially the stabilising electrolyte, in unwashed parchment, is 
more and obviously renders the sol highly unstable. We have also 
noted that collodion bags are more suitable for dialysis than parch- 
ment bags. It is probably so, because collodion is less liable to de- 
compose KMn0O, than the celiulose of the parchment paper. Using 
these bags we have again prepared a dialysed sol of manganese 
dioxide (negative) which has kept its stability for over a month. The 
sol used by Mukherjee and coworkers was not dialysed and hence it 
contained sufficient free KMnO, and KOH. 

Ghosh and Dhar prepared the positive sol of manganese dioxide 
by adding N/10-FeCl, solution to a litre of the dialysed negative 
sol, whilst Mukherjee and coworkers obtained their positive sol by 
adding H,O, to a mixture of FeCl, and KMn0O, solutions, and they 
have also analysed their sol. Their sol contains greater amounts of 
iron in comparison to the amount of manganese and they rightly 
conclude that their positively charged colloid of manganese dioxide 
may be either ferric manganate or complex solid containing different 
phases. We have analysed our dialysed positive sol of manganese 
dioxide with the following results : 


Amount of total solid on evaporating 100c.c. of the sol in a 
platinum crucible=0°95 g. 

Amount of Mn expressed as MnOg per 100 c.c. of the sol=0°88 g. 

Amount of Fe expressed as FegO; per 100 c.c. of the sol=0°05 g. 


It is clear from the above that the amount of iron associated 
with manganese dioxide is considerably less and hence it is obvious 
that the sol obtained by Ghosh and Dhar is essentially different 
from that obtained by Mukherjee and coworkers. We have repeated 
the experiments on coagulation of dialysed sols of manganese dioxide 
both positive and negative, and have found that the results of Ghosh 
and Dhar are correct, and these sols behave normally towards 
dilution. We are of opinion that the results of Mukherjee and 
coworkers are different because of the method (cf. Mukherjee and 
Chaudhuri, J. Chem. Soc., 1924, 125, 794) adopted by them for 
finding the precipitating concentrations of various electrolytes. It 
seems unsatisfactory to apply this method with the sols of various 
concentrations, which have certainly different degrees of transmis- 
sion. With the coloured sols as those under investigation, it is 
obvious that the greater the concentration of the sol, the greater 
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the opacity. We have observed that these sols of MnO, show partial 
coagulation and it is evident that asol which is already of a higher 
opacity may become sufficiently opaque to make the filament of the 
lamp invisible with a quantity of electrolyte which may not be 
enough to cause complete coagulation. 

We have carried out the following experiments on the coagu- 
lation of both positively and negatively charged manganese dioxide 
sols : 


(a) To 8 c.c. of the positive sol 8 c.c. of N/200-KC! were added. 

(b) 2C.c. of the positive sol were made upto 8 c.c. with con- 
ductivity water and 8c.c. of N/200-KCl were added. Both the 
concentrated and dilute sols were kept for 10 minutes. 

(c) After 10 minutes have elapsed 4 c.c. of the mixture of the 
concentrated sol and the electrolyte, were added to 12 c.c. of N/400- 
KCl, thus keeping the concentration of the electrolyte the same as 
present in the concentrated and dilute sols in (a) and (b). After 
2 minutes (b) and (c) were taken in a double absorption cell and it 
was found with a Nutting’s photometer that the extinction coefficient 
of (c) was less by 0°04 than that of (b). This experiment conclusively 
proves that the stage of coalescence is definitely greater with a diluted 
positive sol of manganese dioxide than with a concentrated one. 
Similar results were obtained with the negative sol of manganese 
dioxide of various dilutions. 

Hence we are of opinion that the positively and negatively charged 
sols of manganese dioxide behave normally towards dilution when 
coagulated by such electrolytes as KCl, KNO;, KgSO,4, BaClg, ete., 
and prove that the previous results of Ghosh and Dhar are correct. 


CoNncCcLUSION. 


From a study of not less than twenty five sols Ghosh and Dhar 
have concluded that when the sol is coagulated with an electrolyte 
such that the ions carrying the same charge as the colloid particles 
is not adsorbed in appreciable amounts, (a) the sol behaves normally 
towards dilution when coagulated by ions of varying valencies, (b) 
does not develop ionic antagonism, and (c) does not show the pheno- 
menon of acclimatisation. From the experimental results it is 
shown that if a sol is not sufficiently pure and contains large amounts 
of the stabilising electrolyte, the sol may behave abnormally towards 
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the coagulation by univalent electrolytes on dilution inspite of the 
fact that additive relationship is shown when the sol is coagulated 


by a mixture of electrolytes. 
The authors desire to thank Professor N. R. Dhar, D. Sc., I.E.S., 


for his valuable criticism in writing out this paper. 
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Limitations cf Solubility Method for Determining 
Dissociation Constant. 


By W. V. Baacwart aNp §S. 8. Doosag. 


The solubility of sparingly soluble acid is increased in a solution 
of sodium salt of a weak acid is well known, and the quantitative 
measurements of the actual increase have been made by Noyes and 
Chappin (Z. physikal. Chem., 1898, 27, 442), Philip (J. Chem. Soc., 
1905, 87, 987), Philip and Garner (ibid., 1909, 95, 1466) and by 
Bhagwat and Dhar (J. Indian Chem. Soc., 1929, 6, 807). 

Noyes (Z. physikal. Chem., 1898, 27, 273) has deduced an equa- 
tion from which the solubility of a sparingly soluble acid in the 
sodium salts of weak acids can be calculated. Dhar (J. Amer. 
Chem. Soc., 1913, 35, 800) has deduced a formula for finding out the 
dissociation constant of weak acids. He has shown that if ‘a’, be 
the solubility of the weak acid in water, K,, its dissociation constant, 
‘b’, the solubility of the acid in the concentration ‘c’, of the sodium 
salt of the weak acid whose dissociation constant Kg is required 
then, 





‘ = ) 

K, = % eee (1) 
Dhar and Dutta (Z, Elektrochem., 1913, 19, 407) have shown that 
this formula is applicable for very low concentrations of sodium salts. 
They have employed the solubility results of Philip (loc. cit.), and 
Philip and Garner (loc. cit.) for this purpose. All the acids considered 
by them were monobasic. This work was extended to dibasic acid 
as carbonic acid with whose help the dissociation constant of the acid 
of the sodium salt was determined. Datta and Dhar (J. Chem. Soc., 
1915, 107, 824) observed that the above equation has to be modified 
and they showed 


XK, = K, xa[ c—2 (b—a)] 


=a)? (2) 

The applicability of the equation (1) has been verified also by 
Bhagwat and Dhar (J. Indian Chem. Soc., 1929, 6, 806) in case of 
numerous acids and they have shown that equation (2) is incorrect 
and the general formula for finding the dissociation constant when 
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the basicity of sparingly soluble acid is n, has been deduced, taking 

into consideration the degrees of ionisation of salts and acids in solu- 

tion. Thus, 

nK, (1—K;) xa[nKyc—K, (b—a)] (3) 
Kx K,(b—a)? = 





K, = 


If we introduce the conception that the salts are completely 
ionised and acids do not ionise at all then, 


nK, xa [ nc—(b—a) ] 7 i 4) 


~* (b—a)? 





In this paper we have fully considered the limit of the concen- 
tration of sodium salt up to which these formlae hold and explanation 
has been forwarded for the deviations observed. For this purpose 
we have varied the concentrations of sodium salts over a very wide 
range and the results are recorded in the following tables. 


A. Dissociation Constant of Formic Acid. 


With benzoic acid at 30°. Dissociation constant K, of benzoic 
acid =6°4 x 1075 at 30°. a=0°03306. 


Ky a (cmb +) 


a. b. b—a. c—b+a. Ky= —- 
0°0596 0°05196 0°01890 0°04072 2°3 x 1074 
0°0855 0°05708 0°02402 0°06548 2°3 
0°1790 0°06889 0°03583 071481 2°26 
0°3158 0°08064 0°04758 0°2682 2°4 
0°4211 0°08951 0°05645 0°3646 2°3 
0°6316 0°1008 0°056774 0°5639 2°49 
1°235% 0°1340 0°1009 1°1346 2°26 
1°6474 0°1466 0°1185 1°5338 2°4 
2°4711 0°1666 0°1335 2°3375 2°6 


It will be seen from these results that the value of dissociation 
constant is more or less constant over a wide range (from 0°0596 N 
to 2°4711N or from 4°0541 g. to 168°0356 g. per litre), although there 
is a tendency to incraese for the value of the dissociation constant 
when concentration of the sodium salt increases. 
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With salicylic acid at 30°. 
25°. a=0°01987, 


c. 
0°06832 
0°1008 
0°1823 
0°1924 
0°3528 
0°4887 
0°5292 
0°7056 
1°0585 
2°1170 





a = 0°03306. 
c. 


003282 
0°06565 
0°08128 
0°1067 
0°1739 
0°2008 
0°2475 
0°3413 
0°4267 
0°4950 
0°7425 
0°9900 
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b. 
0°06248 
0°07501 
0°0875 
0°1097 
0°1525 
0°1913 
0°1961 
0°2325 
0°2925 
0°4614 


0°06107 
0°08196 
0°0909 
0°1010 
0°1326 
0°1452 
0° 1603 
0°1896 
0°2121 
0°2260 
0°2755 
0°3145 


b—a, 
0°04261 
0°05514 
0°06763 
0°08983 
0°1326 
0°1714 
0°1762 
0°2126 
0°2726 
0°4415 


b—a. 
0°0280 
0°0489 
0°05784 
0°06794 
0°09951 
0°11214 
0°1272 
0°1565 
0°1790 
0°1930 
0°2425 
0°2815 
0°3618 





LIMITATIONS OF SOLUBILITY METHOD 


c—b+a, 
0°02571 
0°4567 
0°6468 
0°1026 
0°2202 
0°3178 
0°3530 
0°5930 
0°7858 
1°6755 


c—b+a. 


0°00482 
0°01675 
0°02344 
0°03874 
0°07446 
0°08867 
0°1220 
0°1848 
0°2477 
0°3020 
0°5000 
0°7085 
1°1282 
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K, of salicylic acid = 1°6x107% at 


— Ki 4 (c—b +2) 
(b-a? 
2°81 x 1074 


2°98 
2°8 


Ky 


2°52 
2°48 
21 
2°25 
2°61 
2°1 
17 


It will be seen from the above results that the value of dissocia- 
tion constant is more or less constant over a wide range (from 
0°06832N to 2°1170N or from 4°6456g. to 144°0145g. per litre), 
although there is a tendency to decrease the value of dissociation 
constant as the concentration of the sodium salt increases. 


B. Dissociation Constant of Acetic Acid. 
With benzoic acid at 30°. K, of benzoic acid at 30° = 6°4x 10-5, 


_ Ki, 4 (c—b +a). 
Ms (6—a)? 
1°25 x 10-5 


1°42 
1°42 
17 

1°5 

1°46 
1°53 
1°52 
1°57 
1°64 
1°72 
1°81 
1°74 
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It will be seen from the above results that the value of dissocia- 
tion constant is more or less constant over a wide range (from 
0°03282N to 1°4850N or from 2°2322 g. to 201°9644 g. per litre), 
although there is a tendency to increase the value of the dissociation 
constant as the concentration of the sodium salt increases. 


With salicylic acid at 80°. Dissociation constant K, of 
salicylic acid = 1°0x10-% at 25°. a = 0°01987. 


c. b. b—a. c—b+a, K3= Ky a(c—b +a) , 
(b—a)? 
001781 0°03499 0°01512 0°00219 1°9 x 1074 
0°02597 0°04375 0°02388 0°00109 72x 1075 
0°05194 6°06625 0°04638 0°00556 5°1 
0°07666 0°0850 0°06513 O°01154 5°4 
014636 0°1400 0°1201 0°02623 2°87 
0°2683 0°2250 0°2151 0°06321 2°99 
0°3220 0°2625 02426 0°07937 2°68 
0°5366 0°4150 0-3951L 0°1415 1°81 
0°8050 05611 0°5412 0°2638 1°78 
1°610 1°0680 1°0481 0°5618 1°02 


It will be seen from the above results that the value of dissociation 
constant is practically of the same order between the range investi- 
gated (from 0°01731N to 1°61N or from 2°3547 g. to 218°9932 g. per 
litre) and gradually decreases as the concentration of the sodium 
salt is increased. 


With cinnamic acid at 30°. Dissociation constant Ky, of 
cinnamic acid at 25° = 3°51x10-°. a = 0°004688. 


K, a (c—b +a) 
c. b. b—a. e—b+a. Ky= — 
0°01731 0°01191 0°00722 0°01009 3°18 x 10-5 
0°02597 0°01577 O°OLL08 0°01488 1°99 
0°05194 0°01964 0°01495 0°03698 2°72 
0°07666 0°02381 001912 0°05754 2°59 
0°1463 0°03274 0°02805 0°1183 2°46 
0°2634 0°04435 0°03966 0°2286 2°44 
0°3220 0°04881 0°04412 0°2278 2°34 
0°5366 0°06190 0°05721 0°4794 2°41 
0°3050 0°07501 0°07032 0°7346 2°39 


1°6100 0°1244 0°1197 1°5903 1°82 
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It will be seen from the above results that the value of dissocia- 
tion constant is more or less constant over a wide range (from 
0°01731N to 1°61N or from 2°3574 g. to 218°9932 g. per litre), although 
there is a tendency to decrease the value of dissociation constant 
as the concentration of the sodium salt increases. 


C. Dissociation Constant of Cirtic Acid. 


With benzoic acid at 30°. Dissociation constant K, of benzoic 
acid = 6'4x10-* at 30°. a = 0°03306. 


K, a (c—b +a) 
¢. b. b—a. c—b+a. Ky= —— = : 

0°04512 0°06152 0°02846 0°01666 4°38 x 1075 
0°06666 0°07308 0°04202 0°02664 4°2 

0°12717 0°10260 0°06954 0°05763 2°65 

0°23313 0°14170 0°10864 0°1245 2°27 

0°27978 9°1577 0°12464 0°1531 1°78 

0°4662 0°2051 0°1720 0°2942 1°67 

0°6996 0°2475 0°2144 0°4852 2°23 

0°9324 0°2793 0°2462 0°6862 2°45 

1°3989 0°3205 0°2874 1°1117 2°85 


It will be seen from the above results that the value of dissocia- 
tion constant is more or less constant over a wide range (from 
0°04512N to 1°3989N or from 5°3701 g. to 166°4754 g. per litre), 
although the value of dissociation constant first decreases and then 
increases with the increase of the concentration of the salt. 


With salicylic acid at 30°. Dissociation constant K, of salicylic 
acid = 1°0x 10~° at 25°. a = 0°01987. 


K, @ (c—b +a) 
c. b. b—a. c—b+a. Ko= —— 
0°04512 0°05706 0°03719 0°00793 1°14 x 104 
0°06666 0°07435 0°05448 0°1218 8°19 x 10-5 
0°12717 0°1152 0°09543 0°3174 6°93 
0°23313 0°1807 0°1608 0°07233 5°56 
0°27978 0°2154 0°1955 0°08428 4°38 
0°4662 0°3128 0°2929 0°1733 4°01 
0°6996 0°4141 0°3942 0°3054 3°90 
0°9324 0°5211 0°5012 0°4312 3°41 
1°3989 0°6577 0°6378 0°7611 3°72 


3 
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It will be clear from the above results that the value of dissocia- 
tion constant is practically of the same order, between the range ex- 
amined (from 0°04512N to 1°3989N or from 5°3701 g. to 166°4754 g. 
per litre). Clearly there is a tendency to decrease the dissociation 
constant as the concentration of the sodium salt increases. 


With cinnamic acid at 30°. Dissociation constant K, of 
cinnamic acid=8'51 x 10-5 at 25°. a=0°0046875. 


¢. b. b—a. c—b+a. Kg = 

0°04512 0°02344 0°01875 0°02637 1°23 x 1074 
0°06666 0°02917 0°02448 0°04218 1'16 
0°12717 0°04271 0°03802 0°08915 1°01 
0°23313 0°05729 0°05260 0°1805 1'l 

0°27978 0°06353 0°05884 0°2209 1°05 
0°4662 0‘07812 0°07343 0°3927 12 

0°6996 0°08646 0°08177 0°6178 15 

0°9324 0°09246 0°08777 0°8446 1°8 

1°3989 0°09790 0°09932 1°3057 2°5 


It will be clear from the above results that the value of dissocia- 
tion constant is more or less constant over a wide range (from 
0°04512N to 1°3982N or from 5°3701 g. to 166°4754 g. per litre), 
although there is a tendency to increase the dissociation constant as 
the concentration of the salt increases. 


D. Dissociation Constant of Benzoic Acid. 


With cinnamic acid at 16°3°. Dissociation constant K, of 
cinnamic acid =3°51 x 10-5 at 25°. a=0°002643. 


0 b. b—a. ce—b+a, x ~ Hitte—b +0) ’ 
(b- a)" 
0°01201 0°005288 0°002645 0°009365 1°24 x 1074 
0°02403 0°006901 0°004258 0°01977 1°01 x 1074 
0°04805 0°009410 0°006767 0°04128 8°36 x 1075 
0°1201 0°01399 0°01135 0°1087 7°83 
0°24028 0°02025 0°01761 0°2227 6°65 
0°4004 0°02845 0°02581 0°3747 5°22 
0°6007 0°03459 0°03195 0°5687 5°17 


0°9009 0°03763 0°03499 0°7659 5°81 


— Kyalc—b +a) . 
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It will be clear from the above results that the value of dissocia- 
tion constant steadily decreases with the increase of the concentration. 
The concentration of sodium benzoate ranges from 0°01201N to 
0°8009N or from 1°7306 g. to 115°3787 g. per litre. 


With salicylic acid at 14°5°. Dissociation constant K, of 
salicylic acid=9°5 x 10~* at 20°. a=0°01209. 


= ~ _ Kyale—b+ ) 
c. b. b—a. c—b+a. Ss 
0°01201 0°01758 0°00549 0°00652 2°48 x 1073 
0°02402 0°02459 0°01250 0°01152 8°47 
0°04804 0°02774 001565 0°03239 1°52 
0°1201 0°03022 0°01813 001020 3°56 
0°2402 0°03035 0°01826 0°02219 7°64 
0°4008 0°03215 0°02006 0°3802 1°09 x 10-2 
0°6005 0°03105 0°01896 0°5815 1°86 
0°8006 0°03270 0°02061 0°7799 2°11 
1°201 0°'03956 0°02747 11735 2°58 


It will be clear from the above results that the value of dissocia- 
tion constant gradually increases with the increase of the concentra- 
tion. The concentration of the sodium benzoate ranges from 0°01201N 
to 1°201N or from 1°7306 g. to 173°0606 g. per litre. 


E. Dissociation Constant of Salicylic Acid. 


With benzoic acid at 30°. Dissociation constant of K, of 
benzoic acid=6°2 x 107° at 80°. a=0°03306. 


¢. b. ba, c—b+a, Ky= Hie le—b+a) 
a — a 
0°05889 0°03339 000083 0°05856 1114107! 
0°08693 0°03485 0°00179 0°08614 5°6 x 1072 
01659 - 0°00124 0°00818 0°1578 4°99 x 10-3 
0°3043 0°04742 0°01436 0°2899 2°97 x 1073 
0°3651 0°05488 0°02182 0°3438 1°6 » 1073 
0°4564 0°05912 0°02606 0°4303 1°34 x 10-3 
0°6085 0°08333 0°05027 0° 5582 4°67 x 10-4 
0°9128 0°1125 0°07947 0°8334 2°79 x 10-4 
1217 0°1805 0°1475 ; 1°0695 1°04 x 10-4 


1°5822 5°66 x 1075 
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It will be clear from the above results that the formula does not 
give constant value for K,. The values of dissociation constant 
decrease with the increase of concentration of the sodium salicylate. 
The concentration of sodium salicylate ranges from 0°05889N to 
1°8255N or from 9°4220 g. to 292°08 g. per litre. 


With succinic acid at 84°3°. Dissociation constant K, of 
succinic acid=6°6 x 10-° at 25°. a=0°8515. 


mS a(c—b +a) ’ 


¢. b. b—a. c—b+a. Ky sa 

0°07238 1°0000 0°1485 Negative 

01882 1°0820 0°2305 ” 

0°2533 1°2080 0°3515 ” 

0°5066 1°4060 0°5545 ” 

0°7600 1°5880 0°7365 ” 

1:0183 1°6580 0°8065 0°0235 2°43 x 1074 

1°5200 1°4710 0°6195 0°2068 1-79 x 1075 
0°9005 1°32 x 10-5 


It will be seen from the above results that the values of c—b+a are 
negative or the formula for determining dissociation constant breaks 
down completely in this case, although at very high concentration 
we get positive results. The concentration of the salt ranges from 
0°07288N to 1°52N or from 11°58 g. to 243°2 g. per litre. 


Discussion. 


All the workers mentioned above have not taken into consideration 
the hydrolysis of these salts of weak acid and in this discussion we 
have fully studied the various types of equilibria which can exist 
and the various relations obtained from their considerations. 

Let us consider an acid, say, CsH,;COOH which is a weak acid 
and its solubility in water ‘a’. Let us also consider the sodium salt 
of another weak acid, say, acetic acid and let the solubility of benzoic 
acid in the concentration ‘c’, of the sodium acetate‘b’. Then 
under equilibrium we have, 


C,H,COOH + CH,COONa g=—=» CH,COOH+C,H;COONa ...(i) 
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The salts CH,COONa and C,H,,COONa being those of weak acid 
partly hydrolyse, thus 


CH,;COONa+H,0 == CH,COOH + NaOH pan (ii) 
C,H,COONa+H,O0 == C,H,COOH + NaOH - (iii) 
Hence the hydrolytic constant K; of CH,COONs is given by 





x, —(CHs COOH] [NaOH] (iv) 
7 [CH,COONa] [H,0] ae ae 


where [CH,COOH], [Na OH], [CH,COONa], etc., represent the con- 
centrations of CH,COOH, NaOH, CH,COONa etc., in equilibrium. 


The equilibrium concentration of water being constant we can 
write 
— [CH,COOH] [NaOH] (v) 
8 [CH,COONa] eee eee eee 





where Kg=K, [H,0]. Similarly, if Ky is the hydrolytic constant 
of C,H,COONa 


K, = [CeHsCOOH] [NaOH] 


[C,H, COONa] ~ 





where [C,H,;COOH], [NaOH], etc., represent the concentra- 
tions of C,H, COOH, NaOH, etc. 


But the equation (i) being in equilibrium with the equations (ii) 
and (iii) they must be simultaneously satisfied. 


From (v) we have [NaOH] satete GOH} we (vif) 





From (vf) we have [NaOH] = Bs (ne Cony cee (vii) 
6*+*5 





Hence, Es[CHs COONa] _ Ky [CgH, COONa] 
* “TCH, COOH] [C,H, COOH] 


or, Ha axa [CeHs COONS] (CH, COOH] a 


Ks [C,H, COOH] [CH, COONa] 
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From the equation (i) it is clear that in equilibrium the concentra- 
tions of CsH;COOH, CH;COONa, CH,COOH and C,H,COONa 
are respectively a, c—b+a, b—a, and b—a. 


— Kg _ (c—b+a)xa 
Hence, . mn 


Moreover, NaOH ionises completely. Therefore the concentration 
of [OH] is given by 








_ K,(c—b +a) 
[OH]= — mm: 2 
= Ko(b-a) we (ahi) 
a 
Also C,sH,COOH ===> C,H,COO’ +H’ and «-» (ziti) 
CH,;COOH === CH,;COO’+H° ... (ziv) 
[C,H,COO] [H] _ 
Hence, [C.H,COOH] Kio (xv) 
[CH,COO] [H]_ 
and [CH,COOH] Ki, eee (xvi) 


where K;, and K;, are the dissociation constants of the acids. But 
according to the equation (i) the equations (rv) and (xvi) must be 
simultaneously satisfied. Hence, 


_ [CH,COO] [C,H,COOH] 


Y" [CH,COOH] [C,H,coo]” 


Assuming that salts ionise completely and the weak acids do not 
ionise at all we get 


Ky; _(c—b+a)xa ; 

Kio (b—a)? ate 
__Kyo[C¢H,COOH] _ K,,[CH,COOH 

Moreover, [H] C.H;COO] [CH,COO 








“ 
a 
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— Kio Xa_ K,,(b—a) ee 
an oa b-a c—b+a (xvitt) 
Also water ionises as H,O ==» H+0OH oe (aziz) 
or [H] [OH]= Kw soe (a2) 


where Kw is the ionisation constant of water. From equations 
(xviii) and (xii) we have 





Eyoxe, Kolb-e) ox, of K,oKy=Kw ... (22) 
b-—a a 

and K,,K,= Kw ... (zzii) [from equations (xviii) and (zi) ]. 
K K le K K 

Hence, =19=—1! we (waiii) or, 19 = —8 
Kg Kg Ky, Ky 


which also follows from the equations (xvii) and (x). These equa- 
tions show that the formulae for determining dissociation constant 
show maximum accuracy when the dissociation constants of the 
acid investigated and of the acid employed are identical or more or 
less of the same order. It will be seen from the results that the con- 
clusion is borne out by the experiments. 

Our results of the dissociation constant show that with benzoic 
acid the values of dissociation constant obtained, increases in case 
of formic and acetic acid as the concentration of sodium salt is 
increased. Similar is the case for the values of dissociation con- 
stant of benzoic acid with salicylic acid, and citric acid with cinnamic 
acid. This may be explained from the view point that (b—a), the 
rate of increase in solubility diminishes with the concentration of 
sodium salt, for with the increase in concentration of sodium salt the 
degree of hydrolysis of these salts diminishes and hence the amount 
of acid dissolved to balance this decrease. 

However, the values of the dissociation constant with benzoic 
acid for salicylic acid goes on increasing with the dilution of the 
sodium salt. Same thing is observed for formic acid, acetic acid and 
citric acid with salicylic acid and for acetic acid and salicylic acid 
with cinnamic acid. In deducing the equation 


_ K, xa(c—b+a) 


Ks (b—a)? 








: 
i 
! 
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it has been shown that (b—a) also represents the amount of un- 
dissociated acid. In this simple formula we have neglected the 
ionisation of the acid which increases with the dilution or the amount 
of undissociated molecules decreases. Therefere (b—a) decreases 
with dilution and (c—b+a) increases with dilution. It is therefore 
quite clear that Ky should increase with dilution. 


Thus it appears that there are two factors in these cases, the 
hydrolysis and ionisation and they act in reverse way. With the 


increase in concentration degree of hydrolysis decreases and therefore 
(b—a), the increase in solubility diminishes while the degree of 
ionisation diminishes and hence the number of undissociated mole- 
cules or (b—a) increases. Hence, according as one factor predominates 
over the other, the dissociation constant increases or decreases with 
the concentration of the sodium salt. 

This conclusion seems to be supported by our observation of the 
values of dissociation constants of citric acid with benzoic acid. 

Itis more or less generally observed that weaker the acid, lower 
is the dissociation constant obtained. It has been shown by Bhagwat 
and Dhar (loc. cit.) that the cause of low dissociation constant for 
weaker acid is the greater hydrolysis of its sodium salt. 

Our results for the dissociation constant of salicylic acid with 
succinic acid are negative at low concentration of the sodium salt 
when the simple formula is employed. But the succinic acid is 
dibasic aud hence Bhagwat and Dhar’s general formula should be 
applied. It is noteworthy to find that this formula gives positive 
results. 


K, for succinic acid=6°6 x 10° at 25°. a=0°8515. 


Qe. b. b—a.  (—b—a). Ky= ae 
0°2764 1°0820 0°2305 0°0459 6°11 x 10-5 
0°5066 1°2030 0°3515 01551 7°05 
1°0132 1°4060 0°5545 0°4487 8°19 
1°5200 1°5880 0°7365 0°7835 1°08 
2°02 1°6580 0°8065 1°2001 1°04 x 10-4 
3°3400 1°4710 0°6195 2°7205 3°98 x 1074 


Although we cannot speak of the dissociation constant of hydrochloric 
acid, yet it is interesting to observe that the formula which is 








. 
| 
| 














Acid used 

for find- 

ing Ko. 
Benzoic 


Salicylic 


Benzoic 


Salicylic 


Cinnamic 


Benzoic 


Salicylic 


Cinnamic 


Cinnamic 


Salicylic 





Benzoic 
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Na salt 
used. 


Sodium 
formate 


Sodium 
acetate 


Sodium 
citrate 


Sodium 
benzoate 


%* 


Sodium 
salicylate 


Range of Na 
salt investiga- 
ted. 

O'ON-2°4711N 


('ON-2°117N 


0°0N-1°485N 


O°0ON-1'°610N 


0'0N-1°610N 


0"ON-1'°3989N 


0'ON-1'3989N 


0'ON-1°3989N 


0°0N-0°800N 


0"0N -0°240N + 


0°ON-1°825N 


Value ob- 
tained for 


Ko at 30°. 


2°4x10-4 


2°4x 1074 


1°6 x 1075 


1°8 x 1075 


2°4 x 1075 


2°2x1075 


5°65 x 1075 


1°8 x 1074 


6°65 x 10-4 


1°09 x 1072 


10 x 107° 


Real value 


for Ky at 
25°. 
211074 


2°1x 10-4 


1°8 x 1075 
1°8 x 10°75 
1°8 x 1075 
8x1074 


8x1074 


8x10-4 


6°4 «10-4 


64 «1073 


1°0 x 1073 
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derived only for weak acids is well applicable even for such a strong 
acid as hydrochloric acid and gives a constant value for Ky which 
may be called the solubility constant for hydrochloric acid and with 
its help the solubility of an acid at any other concentration of the 
sodium chloride can be determined. 


The following table gives the limit of applicability of solubility 
method for finding out the dissociation constant. 


Limit of 
applicability 


All 


All; strictly 
for interme- 
diate conc. 


All; strictly 
for high conc. 


At high conc. 
only 


At high conc. 
only 


Not applicable 


Do 
Do 
Applicable for 


intermediate 
cone. 


Not applicable 
Applicable for 


intermediate 
cone. 


It is thus clear that the formula is strictly true when K, and Ky 
are very nearly of the same magnitude, as shown by theoretical 


considerations. 


4 
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SumMMARY. 


1. Dissociation constant of formic acid, acetic acid, salicylic, 
acid and citric acid, has been determined by the formula 
K, —a (c—b +a) 

(b—a)? 
and the limit of concentration for which this equation holds has been 
thoroughly discussed. 

2. It is shown that in some cases dissociation constant of the 
acid diminishes with the lowering of the concentration of its sodium 
salt and in some cases it increases with the dilution. It has been 
shown that two factors are acting in reverse way, hydrolysis of 
the salt and the degree of ionisation. With dilution degree of 
ionisation and hydrolysis increases but the former diminishes the 
number of acid molecules or (b-—a), while the latter increases the 
solubility, (b1-—-a). Thus when the former is increasing the value of 
dissociation constant the latter causes it to diminish and the observed 
result is due to one which is predominating. 

8. The value of dissociation constant is greater when stronger 
acid is used for determining the value. This is explained on the basis 
of hydrolysis. 

4, Various equilibria in solution of weak acid in solution of salt 
of weak acid have been discussed and their relationship studied. 
It is shown from these equations that the formula is applicable 
strictly when the dissociation constants of the acid investigated and 
employed are identical. 

5. The above formula for finding the dissociation constant gives 
negative results with succinic acid. It is shown that Bhagwat and 
Dhar’s general formula is applicable 


K,= 





_nK—-a (nc—b +a) 


“ (b—a)* 





where n is the basicity of the acid employed, it being 2 in this 
case. 

6. Although the formula is derived only for weak acids it is 
found to obey to some extent even for such a strong acid as hydro- 
chloric acid. 


Cuemistry LABoraToRy, 
Sr. JoHN’s COLLEGE AND AGRA CoLLEGez, Received April 1, 1983. 
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Thioketonic Esters. Part IV. 
By Susirt Kumar Mitra. 


Ethylthioacetoacetate on alkylation yielded S-ethers (Mitra, J. 
Indian Chem. Soc., 1933, 10, 71) which did not further react with 
sodium. Dialkyl derivatives could not therefore be directly obtained 
and the effect of C:S groupon the second hydrogen atom of the 
reactive methylene group could not be studied. The C-alkyl deriva- 
tive (CH,°CS°'CHEt’COUEt) was, however, synthesised by the action 
of hydrogen sulphide on ethyl a-ethylacetoacetate (cf. Mitra, loc. cit.). 


cH, cH CH, 
| 

C-OH | C:8 
| H,S | —> 

— H,0+ CSH <_ 

| 

C’C,H; C’CoH; CH'C,H, 
CO, Et CO,Et CO,Et 


This compound behaved both as a thiol, as evidenced by the 
decolourisation of alcoholic iodine and the formation of a lead salt, 
and also as a thioketone because on treatment with phenylhydrazine 
it yielded 1-phenyl-3-methyl-4-ethyl-5-ketopyrazolone by loss of 
hydrogen sulphide: 

CH,'CS'CH(C,H;)'CO,Et CH,;°C—CH(C2H,)'CO,Et 

+ II +H,8 
> N'NH’C,H,; 
NH,’NH'C,H; 
CH;'C___N 
N’'C,H,+C,H,OH 
C,H,'CH co 


The compound on boiling with dilute hydrochloric acid evolved 
sulphuretted hydrogen and carbon dioxide and methylpropylketone 
was detected in the solutions 

CH;"CS’°CH(C,H;)*CO,Et 
—_> CH,'CO’C,H, + H,S + CO, + C,H,OH 


This compound like ethyl thioacetoacetate reacted with sodium 
with evolution of hydrogen and formation of a sodium derivative. 





Pens i oe 
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Alkyl! derivatives, prepared by the action of alkyl halides on the 
sodium derivative, appear to be S-ethers. 


| RI | 
CSNa — C'SR 

TT I 
C-CoH, CCH, 
CO,Et COsEt 


The absence of thiol group in these compounds was confirmed as 
they could neither decolourise alcoholic solution of iodine nor could 
give lead salt and the absence of a thioketonic group was inferred 
from their incapability to react normally with phenylhydrazine in the 
cold with evolution of sulphuretted hydrogen. Phenylhydrazine at 
higher temperatures reacted with these compounds with evolution of 
mercaptans and formation of 1-pheny!-3-methyl-4-ethyl-5-ketopyra- 
zolone. On boiling with dilute acids these compounds evolved mer- 
captans and carbon dioxide. These facts assert the mobile nature of 
the sulphur atom in the 8-position to the carbethoxy group. 

Ethy] ethylthioacetoacetate furnished acetyl and benzoyl deriva- 
tives. The acylated products do not contain any thiol group. They 
react with phenylhydrazine forming symmetrical acetyl- and benzoyl- 
phenylhydrazine respectively and 1-phenyl-3-methy]-4-ethyl-5-keto- 
pyrazolone. Thus it becomes conclusive that phenylhydrazine 
primarily knocked off the acyl groups and then reacted with the 
liberated ethyl ethylthioacetoacetate and formed the corresponding 
pyrazolone. 

The action of Grignard’s reagent supports such a° structure 
for the acyl derivatives. The acetyl derivative, on treatment with 
ethylmagnesium bromide, furnished methylethylketone and ethyl 
ethylthioacetoacetate was regenerated. 


CH; , . 

| 

C $°COCH, CO +  CS‘MgBr 

I C,HsMgBr | ll 

C’ CoH, “— CoH; C’C,H; 

CO.Et  COSEt 
HS CoH, 


CH,—C=C—CO, Et 
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It can safely be concluded that the effect of the thioketonic 
group on the second hydrogen atom of the methylene group in 
close proximity is exactly identical with that of the first. 


EXPERIMENTAL. 


Ethyl ethylthioacetoacetate.—Ethyl ethylacetoacetate (100 g.) 
was dissolved in alcohol (200 c. c.) saturated with hydrochloric acid 
gas at 0° and sulphuretted hydrogen was slowly bubbled for 8 
hours at 0°. The whole mass was then treated with excess of ice- 
cold water and the oil was extracted with ether. The ethereal so- 
lution was dried and the red oil obtained after removal of ether was 
diluted to three times the volume with rectified spirit. Freshly pre- 
pared lead oxide was added tothe solution under constant stirring 
at 0°. The precipitated lead salt was decomposed with dilute hy- 
drochloric acid, when an emulsion was obtained which was extracted 
with ether, dried and distilled after removal of the solvent. A red 
oil (b. p. 85°/14 mm.) was obtained in 80% yield. (Found: C, 54°9; 
H, 81; 8, 18°1. CgH,,0,8 requires C, 55°1; H, 8°04; S, 18°31 per 
cent). 

1-Phenyl-3-methyl-4-ethyl-5-ketopyrazolone.—Ethy] ethylthioaceto- 
acetate (5g.) was treated with phenylhydrazine (2°5 g), when 
sulphuretted hydrogen began to evolve briskly. When the reaction 
was moderated the whole mass was heated on a waterbath for 2 
hours. The product was washed several times with petroleum ether 
and finally crystallised from methyl alcohol in needles, m. p. 108°. 
(Found: N, 13°51. C,9H,,ONg requires N, 13°81 per cent). 

Ketone hydrolysis of ethyl ethylthioacetoacetate.—Ethy] ethy]- 
thioacetoacetate (15 g.) was boiled with dilute sulphuric acid (10%, 
100 c. c.) and after 5 hours when no more sulphuretted hydrogen or 
carbon dioxide was evolved; the aqueous residue was repeatedly ex- 
tracted with ether and the liquid obtained after removal of the solvent 
was found to be methylpropylketone; the semicarbazone, m. p. 100°, 
the melting point not being depressed when mixed with an authentic 
specimen. 

Ethyl B-ethylmercapto-a-ethylcrotonate.—Molecular sodium (2'5 g.) 
was added under ice-cooling to ethyl ethylthioacetoacetate (20 g.) in 
dry benzene (50 c.c.) and after 3 hours, ethyl bromide (15% 
more than theoretical) was added. The whole mass was then 
refluxed for 6 hours on a water-bath, poured into water and the ben- 
zene layer collected. The oil obtained after removing benzene was 
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distilled at 95°/ 14mm., yield 60%. (Found: C, 60°3; H, 91; 
8, 15°1. Cy9H, 028 requires C, 59°4; H, 8°9; S, 15°8 per cent). 

Ethyl B-isobutylmercapto-a-ethylcrotonate.—Ethy] ethylthioaceto- 
acetate (5 g.) dissolved in benzene (20 c. c.) was added slowly to an 
alcoholic solution of sodium ethoxide (0°6 g. sodium in 10 c.c. 
alcohol) and after 3 hours isobutyl iodide (6g.) was added. The 
oil obtained as before was distilled after removal of benzene in 
vacuum and the fraction, b.p. 100°/15 mm. collected, yield 4g. 
(Found: C, 62°38; S, 13°6. Cy.He2028 requires C, 62°6; S, 13°9 
per cent). 

Ketone hydrolysis of the alkylated products.—Ethyl {-ethylmer- 
capto-a-ethylcrotonate (10 g.) was heated with sulphuric acid (10%, 
75 c.c.) and the condenser was connected to two bubblers containing 
alcohol. The heating was continued till no more mercaptan was 
detected by lead acetate paper. The alcoholic solutions were then 
treated with excess of alcoholic solution of iodine, diluted with water 
and extracted by means of ether. The oil obtained after removal of 
ether was identified as diethyl disulphide (b.p. 152°). (Found: §, 
51°9. Cale. : 8, 52°41 per cent). 

Action of phenylhydrazine on alkylated products.—Ethy] 8-ethyl 
mercapto-a-ethylcrotonate and phenylhydrazine were heated to boil- 
ing on the sand-bath in a test tube, the test tube being connected 
with an alcoholic washer. After 1 hour the alcohol in the washer was 
treated with excess of alcoholic solution of iodine and the oil obtained 
after diluting with excess of water was identified to be diethy] disul- 
phide. The residue in the test tube after washing with petroleum 
ether furnished 1-phenyl-3-methyl-4-ethyl-5-ketopyrazolone, m. p. 
108°, the mixed m.p. with an authentic specimen was unchanged. 

Ethyl B-acetylmercapto-a-ethylcrotonate.—Ethyl ethylthioaceto- 
acetate (20 g.) was treated with molecular sodium (2°5 g.) in benzene 
(100 c.c.) under ice-cooling and after 3 hours acetyl chloride (10 g.) was 
added under vigorous shaking and the mixture heated on the water-bath 
for 6 hours. The solution was poured into excess of water and the 
benzene repeatedly washed with water. On removing the solvent the 
product distilled at 105°/12 mm. (Found: C, 55°1; H, 7:0; 8, 14:3. 
C,9H,,0358 requires C, 55°5; H, 7°4; S, 14°81 per cent). The same 
acetyl! derivative was obtained by the action of thioacetic anhydride 
(70 g.) and pyridine (1 c.c.) upon ethyl thioacetoacetate (20 g.). 

Ethyl B-benzoylmercapto-a-ethylcrotonate.—Ethy! ethylthioaceto- 
acetate(20 g.) and sodium (2°5g.) reacted with benzoyl chloride (15 g.) 
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in @ manner similar to the preceding experiment and furnished 
an oil, b.p. 185°/18 mm. (Found: C, 64:1; S, 11°9. C,5;H,s038 
requires C, 64°7; S, 11°60 per cent). 

Action of phenylhydrazine on acetylated product.—Ethy| B-acetyl- 
mercapto-a-ethylcrotonate was treated with phenylhydrazine in the 
cold, when the mixture gradually became warm and the mass 
solidified with evolution of sulphuretted hydrogen. When no more 
sulphuretted hydrogen was evolved the product was extracted with 
ether and crystallised from methyl! alcohol, m.p. 125°. It is identical 
with acetylphenylhydrazine. (Found: N, 18°75. Cale.: N, 18°71 
per cent). The ether extract left a viscous oil after removal of ether 
and the oil on heating on the water-bath for 3 hours furnished 
1-pheny|-3-methy]-4-ethyl-5-ketopyrazolone, m.p. 108°. 

Action of phenylhydrazine on benzoylated product.—Ethy] 8-benzo- 
ylmercapto-a-ethylcrotonate was treated with phenylhydrazine, when 
heat was developed and the mass solidified. symBenzoylphenyl- 
hydrazine was isolated as in the previous case, m.p. 168°; the 
mixed m.p. with a known sample was unchanged; yield theoretical. 

Action of ethylmagnesium bromide on ethyl B-acetylmercapto-a- 
ethylcrotonate.—Ethyl 8-acetylmercapto-a-ethylcrotonate (15 g.) dis- 
solved in ether (100 c.c.) was added drop by drop over magnesium- 
ethyl bromide prepared by dissolving magnesium (2°5 g.) in ethyl 
bromide (15 g.) cooled in ice and the mixture left overnight. The 
granular white precipitate was filtered and acidified with dilute hydro- 
chloric acid and the oil obtained was extracted with ether, the ethereal 
extract dehydrated and distilled at 85°/14 mm. It was identified to 
be ethyl ethylthioacetoacetate. (Found: 8, 17°9. Calc.: 8, 18°83 
per cent). 

The ethereal filtrate in the above experiment furnished a liquid 
which gave a semicarbazone, m.p. 135° identical with that of methyl- 
ethylketone. 

My sincere thanks are due to Sir P. C. Ray for his keen interest 
in this investigation and also for the facilities granted. 


Pauit Proressor’s LABORATORY, 
University COLLEGE oF SCIENCE, 
CALCUTTA. Received March 4, 1933, 
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The Behaviour of the Hydrochlorides of Organic Bases 
towards Chloroauric Acid. On the Constitution of 
the Abnormal Auric Chloride Complexes. 

By Dinesa CHANDRA SEN, 


Fenner and Tafel (Ber., 1899, 32, 3220) have found that the hydro- 
chlorides of piperidine, quinoline, isopropylamine and 2:5-dimethy]- 
pyrrolidine react with auric chloride in two different ways under 
different conditions forming two types of complex compounds, 
one being represented by the formula X (AuCl,) (I) while the other is 
represented by X,(AuCl;) (II), where X stands for the organic basic 
radical. The first type of compounds is produced when the reaction 
takes place in aqueous medium while the second type is generated in 
alcoholic solution containing free hydrochloric acid. Compounds of 
the formula X(AuCl,) are evidently similar to those of the alkali 
metals, but chlorides of sodium, potassium, etc., produce no 
complexes of the second type. The latter type of complexes can be 
represented by either of the following three constitutional formule : 
(1) Xg(AuCl,;), (2) X(AuCl,) XCl, (8) AuCl,*2 XCl. Formula 
(1) (Fenner and Tafel, loc. cit.) can of course be explained on the 
basis of Werner’s theory assuming the valency of gold to be three, 
the valency of the two extra chlorine atoms being satisfied by the 
electropositive basic radicals; but then the co-ordination number 
becomes five whichis rather unusual in common auric complexes. 
Moreover, it is not possible to explain the chemical and physical 
properties of these compounds on the basis of the above formula. 

The present investigation was undertaken with a view to throw 
light on the constitution of these complexes by determination of the 
molecular conductivity and molecular volume of some of the typical 
complexes. Incidentally, complexes of different organic bases other 
than those used by Fenner and Tafel (loc. cit.) have also been 


prepared. 
EXPERIMENTAL. 


Preparation of the compounds.—Compounds of the types of 
X(AuCl,) and X,(AuCl,) have been prepared exactly by following the 
method of Fenner and Tafel (loc. cit.), only chloroauric acid has been 
used in place of auric chloride. The hydrochlorides of organic bases 
employed were quinoline, piperidine, ethylamine, benzylamine and 
trimethylamine. The complexes of the first two were already pre- 
pared by the above investigators who were, however, unable to prepare 
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compounds of the type, Xg(AuCl;) with the hydrochlorides of some 
of the organic bases. The author also failed to prepare compounds 
of this type with benzylamine and trimethylamine hydrochlorides, 
only the normal compounds being prepared both in aqueous and 
alcoholic solutions. Ethylamine hydrochloride, however, behaved like 
the hydrochlorides of quinoline, piperidine, etc., and an abnormal 
compound was obtained from alcoholic solution containing hydrochloric 
acid. The formation of these two types of complexes does not depend 
on the concentration of the reactants; it entirely depends upon the 
medium. The same normal salt, X(AuCl,) always formed in 
aqueous medium by varying the concentration of the reactants, but 
the maximum yield was obtained by treating chloroauric acid with 
molecular proportions of the basic hydrochlorides. Similarly the 
same compound X,(AuCl,;) formed by varying the concentration 
of the reactants in alcoholic hydrochloric acid medium, maximum 
yield being obtained with twice the molecular proportion of basic 
hydrochloride per molecule of chloroauric acid. The second type of 
compounds was also obtained by heating an alcoholic solution of 
X(Au Cl,) in presence of hydrochloric acid. The composition of the 
complexes are given in Table I. 


TaBie I. 
Compounds. Formule. M. p. Found. Theoretical 
Quinolinium . Au, 41°98% 42 % 
auric chloride CgHgN (AuCl,) 238° Cl, 29°85 30°28 
Quinolinium auric 
chloride-quino- CgHgN(AuCl,)° 180° Au, 31°12 31°05 
linium chloride CoH, NCI Cl, 27°76 27°97 
Piperidinium Au, 46°38 46°35 
auric chloride CsHy:N(AuCl,) 206° Cl, 33°28 33°41 
Piperidinium auric Au, 36°02 36°C5 
dieditesine?- CsHj,N(AuCl,)* * 183° Cl, 82°46 32°48 
dinium chloride C58 y,NCl N, 513 5°12 
Etbylammonium Au, 50°89 61°17 
auric chloride CoHgN (AuCl,) 195° Cl, 35°92 36°09 
Ethylammonium auric 
chloride-ethylammon- CH gN (AuCl,)° Au, 42°6 42°2 
ium chloride C,H NCI 70° Cl, 37°78 38°05 
Benzylammonium Au, 44°19 44°07 
auric chloride C7HipN (AuCl,) 168° Cl, 31°98 31°77 
Trimethylammonium Au, 49°4 49°37 
auric chloride C3HypN (AuCl,) 220° Cl, 35°42 35°6 


® The melting point of CsHjgN(AuCl,)"C;Hj3 NCI, recorded by Fenner and Tafel 
(loc. cit.) was 170°,much lower than the actual melting point of the substance probably 
due to the presence of some impurities in the compound prepared by these authors. 
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Determination of 
following tables contain 


conductivity and molecular 





AURIC CHLORIDE COMPLEXES 


@ piperidinium or a quinolinium radical. 


TaBLe II. 


Base quinoline. 


Sp. resistances observed in alcoholic solution at 31°. 


Cone, in m. moles/litre 


Quinolinium auric 
chloride-quinolinium 
chloride 

Equimol. mixture 
of quinolinium auric 
chloride and quino- 
linium chloride 


. 2°5 1°25 0°625 0°3125 
211 352 583 949 1445 
212 351 582 949 1445 
Taswe III. 


Base piperidine. 


Sp. resistances observed in alcoholie solution at 25°. 


Cone. in m. moles/litre 
Piperidinium auric 
chloride-piperidi- 

nium chloride 
Equimol. mixture of 
piperidinium auric 
chloride and piperidi- 
nium chloride 


10 5 2°5 1°25 
137 238 407 705 

141 239 408 706 
TaBLe IV. 


Base quinoline. 


Molecular volumes at 25°. Sp. gr. determined in xylene medium. 


Auric Quino- “F Auric Quino- Quinolinium 
chloride. linium chloride linium auric chloride 
chloride. & quino- auric & quino 
linium chloride linium chloride. 
chloride obs. 
calc. 
calc, obs 
Sp. gr. 43 1°45 - 1°91 ‘as 1°762 
Mol, vol. 70 1141 184'1 245 859°1 360 








volume.—The 
the results of specific resistances of the 
complexes of types X(AuCl,) and X,(AuCl,;) and of an equi- 
molecular mixture of X(AuCl,) and XCl and also of the molecular 
volumes of XCl, X(AuCl,) and X, (AuCl,) when X represents either 
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TABLE V. 
Base piperidnie, 


Molecular volumes at 25°. Sp. gr. determined in xylene medium. 





Auric Piperidi- Auric Piperidi- Piperidinium 
chloride. nium chloride nium auric auric chloride and 
chloride. and pi- chloride piperidinium 
peridi- observed. chloride. 
nium 
chloride 
calc. ——, 
calc. obs. 
Sp. gr. 43 1:28 — 1'837 _ 1679 
Mol. vol. 70 95 165 231°3 826°3 25°5 
Discussion. 


=. 

Compounds of the type X,(AuCl;) are unstable in an aqueous 
or acetone medium. Though they are soluble and fairly stable in 
cold alcohol, they decompose in hot alcoholic medium, X (AuCl,) 
being one of the products of decomposition in each case. They are 
very stable in alcohol containing free hydrochloric acid even at the 
boiling temperature. When the yellow salts X.,(AuCl,) were 
treated with a little acetone, they gradually turned white, the white 
crystals were separated, and identified to be the corresponding 
basic hydrochlorides which being sparingly soluble in acetone separa- 
ted out, while the more soluble X(AuCl,) remained in a state of 
solution, On the other hand, when the salts were treated with 
water, the more soluble basic hydrochloride went into solution lea- 
ving the less soluble normal salt in the undissolved state. The 
separation of the two components under these two conditions was near- 
ly quantitative. It was also possible to make the two components 
X(AuCl,) and XC] combine together by warming the equimolecular 
quantities of the two salts in alcoholic hydrochloric acid. 

The molecular weights of some of the salts were deterntined by 
the previous authors (loc. cit.) in alcoholic solution by the ebullios- 
copic method and it was noticed that in the case of piperidinium 
chloride and piperidinium auric chloride, the observed molecular 
weights were in agreement with their theoretical values within the 
limits of experimental error, but that of the abnormal salt, X.(AuCl;,) 
was found to be nearly half of the actual value as calculated from 
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the formula. This might probably be due to the decomposition 
of the complex salt into the constituent molecules because of its 
unstablity under the experimental conditions. 

The easy decomposition of the AuCl,;, 2XCl into the two 
components X. AuCl, and XCI even by the simple addition of 
water or acetone or molecular weight data cannot be explained 
by X,(AuCl;). From our results on molecular volumes and 
specific resistances it is evident that the compounds X,(AuCl,) 
should be represented as a molecular compound of the type 
X(AuCl,), XCl, because it was noticed that the formation of complexes 
like CgHgN(AuCl,) and C,;H,.N(AuCl,) were attended by an 
expansion in volume, nearly 33% in the first case and 40% in the 
second, whereas the formation of C,;H,,N(AuCl,)’ C;H, NCI or 
the corresponding quinolinium chloride derivative was not attended 
with any alteration in volume. When the molecular volumes and 
specific resistances of XCl and X(AuCl,) are added, the values are 
found to be equal to those of X,(AuCl;) complexes. 

Thus it is definitely established that of the two molecules of 
XCl linked to each molecule of AuCl;, in Xg(AuCl;) or AuClg, 
2XCl, one forms a complex X (AuCl,) which itself forms a molecular 
compound with the second molecule of XCl. 


SuMMARY. 


1. The normal and abnormal salts of auric chloride and piperi- 
dinium, quinolinium, and ethylammonium salts have been prepar- 
ed. The normal salts only have been obtained in the case of 
benzylammonium and trimethylammonium chlorides. 

2. Complexes of the type X g(AuCl;) named as abnormal 
auric chlorides of gold have been shown to be molecular compounds 
of the type X(AuCl,), XCl. 

My thanks are due to Sir P. C. Ray for the kind interest he 
took during the investigation. 


University CoLLece oF SciENCE 
AND TECHNOLOGY, CaLcuTTA. Received July 22, 1933. 
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The Adsorbabilities of the Ions. 
By K. 8S. Gururasa Doss. 


Mukherjee (Trans. Faraday Soc., 1921, 16 103) has proposed an 
interesting theory explaining the origin and the neutralisation of the 
charge on a colloidal particle. The origin of the charge is supposed 
to be due to the adsorption of ions by the atoms in the surface by 
virtue of their chemical affinity. On account of this charge, ions of 
the opposite sign are drawn near the surface. Among them, those 
which have their kinetic energy less than W, the energy required to 
separate the ion from the surface are considered as not ‘‘free’’. The 
number of such ‘‘bound’’ ions determines the diminution in the 
charge of the surface. On the basis of the above assumptions, an 
equation connecting 43, the fraction of the original charge left unneu- 
tralised after electrical adsorption, with C, the concentration of the 
ion (getting adsorbed) in the bulk solution, has been derived for the 
idealised case in which ‘‘there is no chemical affinity acting between 
the ions of opposite sign.’’ The equation so deduced! has been 
tested and found to be of the right form to express the experimental 
results. An attempt is made in this paper to discuss the significance 
of the constants in the equations worked out. 


It has been shown (Mukherjee, loc. cit.) that 


1-6,=ky {o. a 4,00} 


W/kT 
-@ 





where ko = Ks Mg. U 
ky 
(Mukherjre’s expression for ky contains the negative exponent, which 
is evidently a slip). The symbols employed have the following 
significance : 

1-—6,=Fraction of the total charge on the surface neutralised. 

n, =Valency of the ions chemically adsorbed. 

Ng, C, u=Valency, concentration, and mobility respectively of the 
oppositely charged ions in the liquid in contact with the surface. 
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k=Boltzmann constant. 

T = Absolute temperature. 

W=The energy required to separate an ion from an oppositely 
charged surface. 

k,, k,=Constants for the significance of which see the original 


paper by Mukherjee ( loc. cit.). 
As Mukherjee (loc. cit.) points out, k, contains the ‘‘Nn,’’ term. 
Splitting it and collecting the universal constants together, we get, 


W/kT 





1-—6,=k,. ue ° C{ng(ng—N 1)Og +N \NoGg?} 
where 5 m7 - ay . . 
Nn, ye W/KT myn 


This constant k, depends only on the spattal distribution of 
charge on the surface and on the kinetic factors other than the mobi- 
lity, determining the coillision frequency. 


When W is much less than kT, we can put, 





i, Uelta—N))bg +n jno6o?}. 
1-6 
2 


al 


The right hand side expression is the reciprocal of the concentra- 
tion at which a fraction 1—6, of the total charge is neutralised and 
hence can be used as a measure of the adsorbability of the ion. 

We shall now proceed to work out the theoretical lyotropic series. 
Let A,,, A,, A, and A, be the adsorbabilities of monovalent, diva- 
lent, trivalent, and quadrivalent ions respectively. Let u,,, %,, 
u, and uj be the corresponding mobilities. 


If 6, is very nearly equal to 1, we get, A<un,? 
Ay: Ap: Ay: Ag 33 Um: 4Uy: Qu,: 16ug. 


If 9. is very nearly zero, A<u(ny?—m)n9) 


Am: Ay: Ay: Ag 2: OU_: Quy: Gu,: 12u, . 


If 62=}, A <u (2ng*—n no) 
A,,: Ap: Ay: Ag i! Um: Guy: 15u,: WBuy. 
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Table I gives the theoretical adsorbabilities of various ions as 
worked out on the above basis. Thus we arrive at the lyotropic 
series : 


For 6,=1, Th>Al>H>Ba>S8r>Ca>Mg>Cs>Rb>K> 


Ag>Na>Li. 
o=}, Th>Al>Ba>H>Sr>Ca>Mg>Cs>Rb>K> 
Ag>Na>Li. 
6, =0, Th>Al>Ba>Sr>Ca>Mg>>H>Cs >Rb>K> 
Ag>Na>Li. 


We shall now proceed to work out the empirical lyotropic series 
from the data cited by Mukherjee (loc. cit.). As the data are 
limited to mono- and divalent ions we shall consider only those cases. 
From the general formula for adsorbability, 


Ay, = 93 Um 


A, 2420, wu,’ 


Also we know, 





k. = ko . = —*o oe | 
5 7 Pil . dikes 
ue V/*T ° nyNg ks eg Wik ° NN» 


If W is much less than kT, = = rom [kom and ky, are the 
b 0b 


values of i) for the monovalent and the divalent ions respectiveiy ] 


A 2 ky 62 : 2 +28 
<—m — a. * £5 2. 4s & : 2 
A, ko, 2+20, ” b Kom : Koy. .* 








If 6,=0, ua : A, cs kom : oky,. 
If 6,=}, A, : A, ars kom : 8 kop. 
If 6,=1, A,, : A, “ar Kom : 2 ko». 


Table II gives the experimental values of the adsorbabilities cal- 
culated by the above equations. Thus the empirical lyotropic series 
works out to be 


6 
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for@,.=1, H, Hg > Ba> K > Na 
6,=}3, H, Ag> Ba>K> Na 


6.=0, Ba>>H, Ag>K > Na. 

Thus we find that in the case of 6.=4 the theoretical series gives 
Ba > H and the empirical series gives the order H > Ba. So, it 
would be of interest to compare the theoretical and the empirical 
values of the relative adsorbabilities of H and Ba over the whole 
range of the values of 69. 

u 6 
Now Alin * 2 oo and 
H / Ba Quns 1 +6 
(Theoretical), 





he © 
= oO 
4, 14, 7h 


(Experimental). 


Table III gives the empirical and the theoretical values of An /Apa 
as calculated from the above formula. The theory and the experiment 
agree only at 6.=0. As 69 increases gradually to unity, the devia- 
tion also progressively increases, The maximum disparity is got 
when 6,=1 (i.e., in the region of dilute solutions where maximum 
agreement is to be expected). Throughout the H ion is adsorbed to a 
greater extent than what is predicted by the theory. It is seen in 
particular that between the limits 6. =0°38 and 6,=0°54, the theore- 
tical curve indicates Ba > H, whereas the experimental curve shows 
the reverse. No doubt the theoretical curve has been derived on 
the assumption W <<. kT. Even if this simplification is not made 
it only makes the agreement between theory and experiment worse. 

These results should not be interpreted as invalidating the general 
theory forwarded by Mukherjee. On the other hand, they hint at 
other factors which may be at play as has already been envisaged 
by the author of the theory. First, the interaction of the H ions 
with the primarily adsorbed anions is mainly of a chemical nature. 
The potential energy A, determining the adsorbability has to be con- 
sidered in this case as consisting of the sum of W, the electrical 
potential energy which has been formulated for the idealised case 
and B, in which the potential energy arising out of all other types 
of interactions (such as deformation) is included. Secondly, the 
electrical adsorption of a divalent ion is in some respects different 
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from that of the univalent ion. This becomes clear when one con- 
siders the mutual repulsion between the two univalent kations when 
they are simultaneously electrically adsorbed by a divalent anion 
which is absent when a divalent kation is adsorbed; again considering 
the electrical adsorption by a primarily adsorbed univalent anion, it 
is seen that the divalent kation brings about a reversal of charge, 
an effect absent in the case of univalent kations. Lastly, the pri- 
marily adsorbed ions cannot definitely be known. Divalent (presum- 
ably the silicate ions) and univalent ions may both be present in 
this particular case. These factors account for the disparity between 
the theory and the experimental data, and, the existence of a general 
parallelism between theory and observation even when H ions are 
taken into consideration possibly indicates that the potential energy 
A (i.e., W+B) is the main factor in determining the adsorbability 
of the ions. 


TaBLe I*, 


Adsorbability for 





Ion. Mobility. 6 = 1. 0g = 4. 6 = 0. 
H 314°0 314°0 314°) 0 
Cs 680 68-0 68°0 0 


67°5 
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TABLE II*. 
Adsorbability for 
Ion. kg x 100. 6 = 1, = }. % = 0. 
Na 0°76 0°76 0°76 0°76 
K 0°87 0°87 0°87 0°87 
5°9 59 5°9 50 
Ag 59 59 59 59 
Ba 1°63 3°26 4°9 x 
TaBue III. 
0°00 01 0°3 0°5 0's 10 
Ay /Agg -. 0°00 0°26 0°66 0°05 1°27 1°42 
(Theoretical) 
Ay /A,, -- 0°00 0°33 0°84 1°21 161 1°81 
(Experimental) 
Summary. 


Certain data on ionic adsorption have been considered in view of 
Mukherjee’s theory; the adsorbability of the H ion as compared with 
that of the Ba ion is shown to be higher than what the formulation 
for the idealised case of electrical adsorption would predict which 
hints at importance of factors such as deformation in the considera- 
tion of the adsorbability of the H ion. 


DEPARTMENT OF CHEMISTRY, : 
CENTRAL COLLEGE, BANGALORE. Received March 13, 1933. 


* Tables I and II contain only the relative adsorbabilities at particular values 
of 63. The absolute values cannot be determined as ky is unknown. 
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The Kinetics of Slow Coagulation. Part I. 
By D. N. Goss. 


It is well known that Smoluchowski’s equation for the rapid 
coagulation of a colloid proves unsatisfactory when it is extended 
to cases of slow coagulation. The process of slow coagulation of 
a colloid is generally autocatalytic in nature where the rate of 
coagulation is given by the characteristic S-shaped curves. 

An examination of the data obtained by Ishizaka (Z. physikal. 
Chem., 1918, 83, 97), Gann (Koll. Chem. Beih., 1916, 8, 65). 
Lottermoser (Kolloid Z., 1914, 16, 145) and others in the light of 
Smoluchowski’s theory, showed that the autocatalytic nature of a 
coagulation process cannot be explained on the basis of the above 
theory. Even in cases where the coagulation process has lost its 
autocatalytic nature, marked divergences from Smoluchowski’s 
theory have been observed. Thus ultra-microscopic measurements 
of the rate of coagulation by Steacie (J. Phys. Chem., 1930, 34, 
1850), Kruyt and van Arkel (Kolloid Z., 1923, 82, 29) with 
different colloids have shown that although the process is not auto- 
catalytic in nature, the rate of coagulation is distinctly slower than 
that required by Smoluchowski’s theory. Similar divergences be- 
come apparent from an examination of the experimental data of 
Desai (Trans. Faraday Soc., 1928, 24, 181). 

Westgren and Reitstotter (J. Phys. Chem., 1922, 26, 6871) 
have pointed out that Smoluchowski’s theory should apply only to 
monodisperse sol. According to them the divergences from the 
theory are due mainly to (i) polydisperse nature of the colloid, 
and, (ii) presence of traces of electrolytes in the colloid. In the 
present paper using Odén’s sulphur sol it has been shown that 
Smoluchowski’s theory breaks down even when the sol is 
monodisperse ; the sol is free from traces of ionogenic impurities, 
and is so dilute that its coagulation is no longer autocatalytic. 


EXPERIMENTAL, 


The sample of sulphur sol was prepared by the method given 
by Bassett and Durrant (J. Chem. Soc., 1981, 2933 ) and from this 
a sample of monodisperse sol was obtained by the following method. 
The sol was just made turbid by the addition of a few drops of 
2N-NaCl, allowed to stand for sometime, after which the coagulum 
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was separated by filtration through a Zsigmondy membrane filter. 
This process was repeated several times and the coagulum obtained 
during the last fraction was dissolved in distilled water when a 
clear sol was obtained. It has been shown by Odén (Kolloid Z., 
1911, 8, 186) that the colloid obtained by the above method is a 
monodisperse sol. 

The tyndallmeter described by the author in a previous paper 
(J. Indian Chem. Soc., 1933, 9, 592) has been used for measuring 
the rate of coagulation of the monodisperse sol using potassium 
chloride as the coagulating electrolyte. ‘To a measured volume of the 
sol a known amount of electrolyte was added and this mixture was 
used on the tyndallmeter. The intensity of the scattered beam 
was measured at definite intervals of time; the experimental values 
have been plotted in Figs. 1 and 2. From these figures the 
times corresponding to the same stage of coalescence of the sol have 
been obtained and are given in Tables I and II. 
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Light scattering—time curves for dil. sol. 
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TABLE I. 


Sol concentration=40 mg. of sulphur per litre. 


Curves —> I. 


Electrolyte conc. 
m.m Is. /liter-—>110 


Intensity T 
(scale (sec.) 

readings). 
88 5 9 
88 12 
87 14 
86 18 
85 21 
84 24 


II. 


87°5 


T; 


69 


ITT. 


~ 
uo 


T2 


186 
274 
290 
330 
363 
396 


Ratio values. 
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T, Ts 7 /T. T/T. Ts'T. T,/T. Ts'T. 


7°6 
66 


70 


20°6 


22°8 


40°6 
338 


70 
65 


20°7 40°77 71°1 


65 183 


64 
62 


IV. V VI. 
70365 60 
T; 
366 «6630 )=—s- 1212 
456 7380 1680 
570 §=6996 
683 1146 
693 1270 
750 1404 
TaB_e II. 


35°1 


63°6 


173 33°2 60°4 


16'5 


31°2 


Sol concentration=6°5 mg. of sulphur per litre. 


Curves —> I. 


Electrolyte conc. 


m.mols. /litre.—>140 
Intensity T 
(scale (sec.) 
reading). 
90 9 
89°5 22 
89 36 
88°5 48 
88 66 


87°5 84 


II. 


120 


T; 


18 

42 
66 
87 
117 
140 


III. 


110 


T; 


39 


150 
206 
260 
315 


rv. 


100 


T; 


56 
136 
216 
297 
378 
474 


V. VI. 


90 80 


T, 1; 1,/T. 


126 264 
306 690 
486 1080 
672 1464 
846 1830 
1030 


2 
1°9 
1°9 
1°8 
18 
17 


58°5 


Ratio values. 


134°6 
140 


T,/T. T3/T. T,/T. T/T. 


4°3 
4°3 
42 
4°3 
4°0 
3°8 


6°2 
6'1 
6°0 
61 
5°7 
56 


140 
13°9 
13°5 

14°0 
12°8 
12°3 


29°3 
311 
30°0 
30°5 
28°0 
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Fie, 8, 








Simultaneously with the above measurements the absorption of 
light by the same sulphur sol has been followed by an experimental 
arrangement _as shown in Fig. 3. A straight portion of the filament 
of 60 C. P. lamp was used as the light source. A parallel beam 
obtained by means of a system of lenses and a suitable aperture 
was rendered monochromatic by means of Zeiss light filter (designed 
for the blue mercury line 4359) and after passing through a double 
cell having two exactly similar compartments was photographed on 
Ilford process plates having a speed of H. D. 50. One of the 
compartments of the double cell contained only the colloid, while 
the other contained the colloid with the added amount of electrolyte. 
On the photographic plate a pair of lines is obtained; one is due to 
the beam which has passed through the clear sol, while the other is 
due to that passing through the sol—electrolyte mixture. The 
intensity of the pair of lines was next measured by a Zeiss micro- 
photometer. A comparison of the intensities of the pair of lines 
enables one to determine the rate of coagulation of the colloid as 
the amount of light absorbed, on which depends the intensity of the 
lines, is proportional to the rate of coagulation of the sol. It was 
necessary, however, to keep the experimental conditions exactly the 


same in every case. 


In Figs. 4 and 5 some of the photographs of the lines and 
copies of the prints obtained on the microphotograph are given. 
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It will be seen that corresponding to any pair of 
lines A and B, in Fig. 4, a curve with two adjacent 
peaks C and D (Fig. 5) are obtained on the 
print of the microphotometer. The difference 
of the heights between these peaks is propor- 
tional to the difference in the intensities of the 
lines A and B, which in its turn represents the 
difference in turbidity between the sols in the 
two compartments of the double cell. In the 
present experiments these differences between 
the heights of the peaks for a series of lines 
obtained at different intervals have been taken 


Y. as a measure of the stage of coagulation of the 


B sol. 


Fig. 5. 






























































To correct for any variation in the intensity at different parts of 
the straight filament used as the source and also for any difference 
in the thickness of the walls of the cell, an initial reading was taken 
when a sample of the same sulphur sol was placed in both the 
compartments of the double cell and this reading was used as the 
zero error for the subsequent measurements. The experimental 
values are given in the Table III, 
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Fia. 6. 


Light absorption—time curve for conc. sol. 








Diff. of peak ht. in c.m. 





Time in mins. 


Taste IIT. 
Sol concentration =40 mg. of sulphur per litre. 


Curves —> I, II. IT. IV. V. VI. 


Electrolyte 
conc. in m. 
mols./litre——> 110 87°5 75 70 64 60 
Diff.in peak 240 200 175 165 155 145 Ratio values. 
height. 
os) ™ TT: %T3 %TTye T. T/T. T:/T. T3/T. Ty/T. T,/T. 
sec. 
0°5 cm. 12 56 228 312 696 990 44 19 285 58 = 62 
1 16 90 306 420 800 1140 56 19 26°3 60 =o 71 
2 80 108 480 600 912 1320 36 16 200 30 444 
3 42 126 636 7650 1002 .. 30 15 188 24 
4 54 140 822 900 1080 ... 26 15 17°0 20 


Mukherjee and Papaconstantinou (Phil. Mag., 1922, 44, 305) have 
shown that according to Smoluchowski’s theory the values of the 
ratios T,/T, T,/T, etc., must be constant for every electrolyte 
concentration, where T, T;, T», etc., are the respective times to 
reach the same stage of coalescence. An examination of the 
experimental data given in Table I shows that although Smolu- 
chowski’s theory applies fairly well during the earlier stages of the 
coagulation process, marked divergences are observed as the coagula- 
tion proceeds (cf. Mukherjee and Papaconstantinou, loc. cit.; 
Westgren, Ark. Matim, Astron. Fys., 1918, 18, 1014 ; Mukherjee 
and Majumdar, J. Chem. Soc., 1924, 125, 794). Thus the values of 
T,/T vary from 76 to 6:2, and those of T,/T from 40°6 to 31:2, 








—- 
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Generally the values of the ratios T,/T, T/T, etc., are continuously 
decreasing, showing that the rate is becoming more and more rapid 
than that required by the theory. The present experiments with a 
monodisperse sol thus do not agree with the conclusion of Westgren 
and Reitstotter (loc. cit.) that the breakdown of the Smoluchowski’s 
theory in the case of slow coagulation is due to the polydispersity 
of the colloid. 

In Table II, are given the values obtained with a very dilute 
monodisperse sulphur sol. The rate of coagulation of the above 
sol can be clearly followed from Fig. 2. From the figure it is 
apparent that the S-shaped autocatalytic nature of the curve 
obtained with a fairly concentrated sol, disappears completely when 
the sol is made fairly dilute. From Table II we find that the 
values of the ratios 7,/T, T,/T, etc., are fairly constant when 
the coagulation is rapid, but show a distinct decrease as the rate of 
coagulation decreases. In the case of rapid coagulation, therefore, 
the results are in fair agreement with the theory, but when 
the case of slow coagulation is considered the above results clearly 
show that even when the sol is monodisperse and its rate of coagula- 
tion is not autocatalytic, Smoluchowski’s theory does not hold 
strictly. 

The sulphur sol used in the present experiments was fairly free 
from electrolytes as impurities. Preliminary experiments with a 
sample of the sol which was dialysed to remove practically all 
traces of electrolytes did not give any better values for the ratios. 
It appears, therefore, that divergences from Smoluchowski’s theory 
cannot be satisfactorily explained as being due to traces of electroly- 
tes in the sol. 

The values for the ratios T,/T, T/T, ete., during the earlier 
stages of coagulation, as obtained from measurements with the 
microphotometer and given in Table III, were also not constant 
but they continually decreased showing as before, that the rate of 
coagulation is more rapid than that required by Smoluchowski’s 
theory. 

Mecklenburg (Kolloid Z., 1916, 16, 97) using colloidal sulphur has 
shown that the intensity of the scattered beam is proportional to 
the concentration of the particles in the sol so long as the diameter 
of the particles does not exceed f5upy. It is possible that the 
deviations observed towards the later stages of coagulation might 
be due to the size of the particles exceeding the Mecklenbarg limit 
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of 95 pp, when the intensity of the scattered beam would no longer 
be proportional to the velocity of coagulation. As, however, the 
results obtained with the Tyndallmeter are in general agreement 
with those obtained with the microphotometer, it is clear that the 
divergences from Smoluchowski’s theory as obtained in the present 
experiments are real and are not due to any shortcomings of the 
experimental arrangements used. 

It thus seems reasonable to conclude that all explanations based 
on such factors as deviations from monodispersity, presence of 
traces of electrolytes, etc., are inadequate to account for the diver- 
gences from Smoluchowski’s theory in the region of slow coagulation. 

The principal difference between slow and rapid coagulation is 
that in the former case the particles are only partially discharged 
whilst in the latter case they are nearly completely so. In the case 
of slow coagulation this residual electric charge on the particles 
is thus too important a factor to be neglected and accordingly an 
attempt has been made to study the problem from this point of view. 
The results are given in the next part of this paper. 

The author wishes to express his best thanks to Dr. G. B. Banerji 
for the microphotometer prints and to Dr. P. B. Ganguly for the 
kind interest during the progress of this work. 
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The Kinetics of Slow Coagulation. Part II. 


By D. N. Guosa. 


Numerous attempts have been made from time to time to experi- 
mentally verify Smoluchowski’s theory. Thus Westgren and 
Reitstétter (Z. physikal. Chem., 1918, 92, 750), working with coarse 
gold sol and Kruyt and van Arkel (Rec. Trav. Chim., 1920, 39, 654), 
in the case of selenium sols have shown that Smoluchowski’s theory 
is capable of experimental verification in the region of rapid coagula- 
tion of colloids. When, however, attempts were made to verify 
Smoluchowski’s theory with respect to slow coagulation, the agree- 
ment with experimental data was not satisfactory. Thus Kruyt 
and van Arkel (Kolloid Z., 1923, 32, 29), Mukherjee and Papacon- 
stantinou (J. Chem. Soc., 1920, 117, 1563), Mukherjee and Mazumdar 
(ibid., 1924, 125, 785), Desai (Trans. Faraday Soc., 1928, 24, 181), 
Mehta and Miss Joseph (J. Indian Chem. Soc., 1933, 10, 182), work- 
ing with different sols have all found more or less marked divergences 
from the theory. 

Smoluchowski has accounted for the difference between slow and 
rapid coagulation by introducing a factor e in his equation for rapid 





coagulation, V,= Fo ° 
1+, 

where ¢ is unity in the case of rapid coagulation and has a value 
less than unity in the case of slow coagulation. This would mean 
that in the case of rapid coagulation all the collisions between 
completely discharged particles end in adherence, while in the 
case of slow coagulation only a fraction of them are so, owing to the 
residual charges possessed by the particles. He further assumes 
that in the latter case the fraction « remains a constant during the 
course of each coagulation, which demands that all the different 
coagulation curves should be “affine ’’ to one another. But 
an examination of the series of coagulation curves shows that 
this is far from the case. This fact together with the general 
autocatalytic nature of these curves which cannot find a place 











HI 
¥) 
of 
i ' 


518 D. N. GHOSH 


in Smoluchowski’s theory, goes definitely to show that the rates of 
slow coagulation are being influenced by some additional factor, 
which vanishes when the particles are completely discharged. 

Now of the two factors, (i) the probability of collision and, (ii) the 
probability of adherence, which determine coagulation, it is only the 
latter that is affected by the residual charge of the partially 
discharged particles (cf. Kruyt, A. Smith, ‘‘ Colloid Chemistry ”’ 
Vol. I, p. 307). It was hoped, therefore, that a consideration of the 
electrical energy possessed by the particles as they grow, might throw 
some light on the behaviour of the adherence factor during slow 
coagulation. 

It has been shown by Burton (Phil. Mag., 1906, 12, 472), that a 
colloid particle with its double layer can be considered as a charged 
condenser, having an energy E, given by the equation E=Q?/2C, 
where Q is the charge and C is the capacity of the condenser. 
Further, if we assume (cf. Smoluchowski) Py, Ps, P,, the double, 
triple and quadruple particles formed from the single particles P, as 
spherical, then their radii ro, 73, T4, ete., and capacities Cy, Cs, Cy, 
ete., can easily be expressed in terms of r; and C,, the radius and 
capacity of the primary particle. Thus, 


en 
Tg=7} a/2 =1:26r, 
rz=144 1, 
74=169 r, 
ts=171r, 


Similarly the capacities (assuming d, the thickness of the double 
layer for the primary particles to be the same as forthe multiple 
particles) are as follows: 





2 
Cs = “3- = 2070, 


SOS NEE TORR ~ ee 
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2 
C, =" = 2580, 


a 


= 
to 


ut 


co 
C, = 2920). 


“F 


Now, if two charged condensers are joined together it can be 
proved that there is always a loss of electrical energy except when 
the initial potentials are the same. Thus, if Q,, C, and V,, and Qo, 
Cy, and Vg be the charges, capacities and potentials of two charged 
condensers, then the total energy before connecting is given by the 
equation, 

2 2 
E,= }. 4-+F oy. 


After connecting we have, 


— (Q1+ Qe)? 
° 2(C, +Cg) 





whence the loss of energy, 


” Q1? , Qe? _(Q,+Q2)? 
By ~Eymif 4M" (G+ 00" f 


a4, @102= 9901)? 


Co(C,+Cg) * 


This is equal to zero, only when Q,Cy=Q9C7 


or when 21 --2 ie., when V,=VogQ. 
C, 2 


If then we assume that the charges qo, 43, 44, etc. of particles 
Py, Ps, Ty, ete., are equal to 2q,, 3q,, 4q), etc., respectively, q, 
being the charge of the primary P,, it will be possible to compute 
the energy losses from equation (1) for the different cases correspon- 
ding to combination between differently sized particles as in the 
following : 

Case 1. Combination between P, and P,. 
Energy lost=0, since the two particles are initially at the 
same potential. 
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Case 2, Combination between P, and Pg. 


1°59C, 41 — 2q, C,)? 
Energy lost = 4, (1590) 41 > 41 C1 
nergy lost = §. T1500; x 2590. 


=> 4 : ast — we at 
rc x007=0:07 E,. [*'E, q-|. 


-_ 


Case 3. Combination between P, and P3. 


Energy lost = 4. 3070, x307C, 








Pe " Ge" 
= 014~x 'o, 7 oe S- 


Case 4. Combination between P, and P,. 





3. (2°53 C) q:—4 4; ©)? 
C, 2°58 OF x 3°58 C, 





Energy lost 


P| 


2 
0:24 x 20; = 0°24 BE). 


Case 5. Combination between P, and P;. 


po (2°92 Cy qi~- 5q\ C,)? =0° E 
Energy lost = }. C, x 2-92 C, x3-92C, os 5. 





| 


Case 6. Combination between P, and Pe. 
Energy lost =0, since both are at the same potential. 


Case 7. Combination between Py and P3. 





_1 (207 C, x2 q,—8 q) x 1°59 C,)? 
Energy lost = 2.59 C, x 207 C, x306 Cy 





2 
=0°03 xo = 0:03 Ey. 
‘1 


It will appear from the above calculations that the amounts 
of energy lost in the cases 1—7 are in the ration of 0: 1: 2: 3°5: 
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5°5: 0:0°5 which shows that the more complex the particles with 
which a primary particle combines, the greater is the loss of energy. 


If we assume with Burton (loc. cit.) that a colloid particle with 
its double layer can be considered as a charged condenser we can 
apply the above considerations in considering the distribution of 
charges with the growth of the particles. It has been shown by 
Rene Audubert (Ann. Physik, 1922, 18, 5; Alexander. ‘‘ Colloid Che- 
mistry,’’ Vol. I, p. 360) that the particles in a sulphur sol are nearly 
spherical in form and ‘‘the aggregation conserves te spherical form 
of the grains’’. Thus in the case of the sulphur sol studied here 
the distribution of the charge on the surface of the primary as well 
as of the complex particles remains uniform as in the case of metal- 
lic spherical condensers. Now, any unstable system when left to 
itself will tend towards a state with minimum energy content. In 
other words, it will follow that course, in which there is maximum 
loss of energy. If then we regard a monodisperse sol—electrolyte 
mixture coagulating slowly as such a system and associate the rate 
of coagulation with the rate of loss of energy, it is apparent from the 
above considerations, that during the earlier stages there will be 
little tendency towards coagulation since as in case 1, the com- 
bination between two single particles to give a double one entails 


no loss of energy. From the cases considered above it is apparent 
that in the case of a combination of a primary particle with a mul- 


tiple particle there is a greater loss of electrical energy than in the 
case of combination between two primary particles. This loss in- 
creases with the increase in the complexity of the multiple particle. 
Thus with the advance of coagulation the probability is that the 
P, particles will combine more and more with particles of gradually 
increasing complexity. This conclusion is supported by the ultra- 
microscopic observations of Wiegner (Koll. Chem. Beih., 1916, 
8, 65, and of Galecki (Z. anorg. Chem., 1912, 74, 174) who observed 
that during the process of slow coagulation instead of two primary 
particles combining with each other, the primary particles com- 
bined preferably with multiple particles. 

In slow coagulation, therefore, with partially discharged particles 
the rate at any stage will depend on (a) the number of primary par- 
ticles, and, (b) the number of multiple particles. 

The S-shaped autocatalytic nature of slow coagulation curves 
observed by so many different investigators, can now be easily ex- 
plained. Initially (a) is high and (b) is low, whence the rate is slow 


8 
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asin the lower part of the S-shaped curves. As (b): is increasing 
and (a) is decreasing, a time soon comes when both (a) and (b) have 
considerably high values. It is here that the rate is very high as 
in the steep portion of the S-shaped curves. After this stage is 
passed there is a great diminution of (a) and though (b) is high, the 
rate is slowed down again as in the top portion of the S-shaped 
curves. Thus it is the dearth of the multiple particles in the beginn- 
ing and the dearth of the primary particles towards the end which 
are responsible for the slowness of the rate in the beginning and in 
the end. 

Attempts have been made to verify the above conclusions by 
diluting the sol and by inocculating the system with coarse particles. 
When a sol is fairly diluted the autocatalytic nature of the 
coagulation process vanishes as can be seen clearly from Fig. 2 
in Part I (p. 510). Desai and Patel (Trans. Faraday Soc., 1930, 
26, 128) have also found that the coagulation of ThOg, sol loses its 
autocatalytic nature on dilution. According to the considerations 
advanced here, the effect of dilution is to decrease the concentration 
of primary particles in the system. For the rate of coagulation to 
increase, it is necessary that the concentration of both primary and 
complex particles must be high. In the case of the dilute sol the 
concentration of primary particles is fairly low from the beginning 
and hence the proportion between the concentration of primary and 
secondary particles always remains lower than that in the case of 4 
concentrated sol. Consequently there is no abrupt rise in the rate of 
the reaction and the autocatalytic nature is much less prominent than 
that in the case of a concentrated sol. 
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In a series of experiments, 0°5 c.c. of sulphur sol was mixed with 
15 c.c. of N/4-KCl and 3 c.c. of water and the rate of coagulation 
was followed on the Tyndalimeter. The results are plotted in curve 
A of Fig. 1, which is distinctly autocatalytic. The experiments were 
repeated with sols which were inocculated with some coarse particles. 
The inocculation was done by adding to a fresh sample of the sol- 
electrolyte mixture, a few drops of the same mixture where coagula- 
tion has been allowed to proceed for a period of 10 and 14 minutes. 
The results are shown in the curves B and C of Fig. 1, whence it 
will be seen that the autocatalytic nature becomes less pronounced 
in curve B and practically vanished in curve C. Thus whena sol is 
inocculated with sufficient coarse particles its coagulation is no 
longer autocatalytic. This behaviour is readily explained on the basis 
of the considerations advanced in the earlier parts of this paper. 
The inocculation of a sol with coarse particles really means an 
increased concentration of complex particles in the system. Thus 
from the very beginning there is an appreciable concentration of both 
primary and multiple particles. Hence the chances of adhesion are 
fairly large all throughout and the slow rate of coagulation usually 
observed in the initial stages is no longer prominent. 

It has been shown in Part I (loc, cit.) that the deviation from 
Smoluchowski’s equation in the slow coagulation of a monodisperse 
sulphur sol is such that the rate is higher than that required by the 
theory. On the other hand with a polydisperse AsgS, sol, Mukherjee 
and Papaconstantinou (loc. cit.) have shown that the rate becomes 
slower and slower than that required by the theory. Anderson (Trans. 
Faraday Soc., 1923, 19, 623) has tried to explain this slowness by 
assuming that the particles are initially possessed of different 
amounts of charges, so that as coagulation proceeds those with 
smaller charges are soon coagulated leaving behind the others with 
higher charges as a result of which the rate becomes slower and 
slower. This explanation, however, does not satisfy the observation 
on the monodisperse sulphur sol, where an increase has been 
obtained. 

From the considerations advanced above it is clear that ina 
monodisperse sulphur sol coagulating slowly, the accelerating effect 
due to the gradual appearance of complex particles in the system 
will be more prominent. However, in the case of a polydisperse AsoS, 
sol this effect will be marked by the retarding effect due to the fast 
disappearance of the primary particles which readily combine with 
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the complex particles already present, so that only the latter having 
less tendency to combine between themselves are left behind. 

In a polydisperse sol, therefore, the autocatalytic nature of the 
coagulation curves will be less pronounced than in a monodisperse 
sol. This is actually the case as has been shown by the author 
(J. Indian Chem. Soc., 1932, 9, 591) with an As gS, sol, where the 
S-shaped curve appears only at one or two particular electrolyte 
concentrations, whereas with the monodisperse sulphur sol, unless 
very dilute, the autocatalytic nature persists over a wider range of 
elecirolyte concentrations (cf. Fig. 1, Part I). 

If now the deviations from Smoluchowski’s equation during the 
later stages of slow coagulation be really due to the appearance of 
these complex particles, then this disturbing effect can be minimised 
to a great extent, if not altogether avoided, by inocculating the sol 
initially with some coarse particles as mentioned above. Accord- 
ingly a set of measurements were first taken without any inoccula- 


tion and the results are given in Table I. 


TABLE I, 


Curve —> i. If, Il. IV. ¥. Wi. 


Electrolyte conc. 

(m. mols/litre)\—> 125 100 8 80 75 70 Ratio values. 
a a a a a a a) Aor’ mes ey Wey 
readings). (sec.) T - =. oe 3S 
88°5 9 45 192 198 480 618 6 21 22 63 68 
88 12 70 222 300 570 810 5°83 18 25 47 67 
87 16 92 267 402 690 1050 «6 19 2 43 65 


21 108 312 460 790 1260 5 15 21 38 60 
27 126 350 510 870 1425 5 13 19 31 52 


32 140 390 560 942 1620 45 12 17 29 61 


S® fF aes 


36 156 420 6061020 1710 4 ll 16 28 48 


From these data, « series of curves I—VI, have been obtained, 
whence it is seen that to reach the same stage of coalescence, say, 
corresponding to I value 85°5, the times taken are, 24 seconds 
2, 54, 8, 14, and 224 minutes respectively for the different rates 
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of coagu lations as represented in curves I—VI. If now, the above 
measurements are repeated, with inocculation with a fixed small 
quantity of the corresponding sol—electrolyte mixtures, the particles 
on which have been allowed to grow for the above periods, then 
the curves so obtained should be ‘in a sense comparable between 
themselves, since the only effect of thus inocculating, is to introduce 
the same number of similar coarse particles every time without 
changing the electrolyte concentration. Thus corresponding to 
curve II in Fig. 2, a mixture of 2 c.c. of N/4-KCl and 0°5 c.c. of 
sulphur sol with 2°5 c.c. of water was allowed to grow for 2 minutes 
at the end of which 0°5c.c. of this semi-turbid mixture, 2 c.c. of 
N/4-KCl, 0°5 c.c. of sulphur sol and 2°5 c.c. of water were mixed 
together simultaneously and the rate of coagulation was followed 
by the Tyndallmeter as represented in curve II (a), Fig. 3. In the 
same way curves I (a) to VI (a) were obtained as plotted in Fig. 3 
from the data given in Table II. 
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TABLE II. 


Curve = I. II. — se. WV, VI. 


Electrolyte conc. 
(m. mols./litre)—> 125 100 85 80 75 70 
Ratio values. 


— ~ Z T TT, 1 %T% Ts 7, 7. Hu 7 7s ' 
88° 9 2 102 12 240 37% 3 WW 18 7 41 
88 12 42 144 174 402 570 35 12 14 33 47 
87 16 63 20 260 615 840 4 12 16 37 52 
86 21 80 240 348 774 102 4 1 16 32 49 
85 97 ©«96—s«hTB «420« 897 :1152 4 «10s«d 8B 4B 
84 32 110 9312 495 1020 1305 36 10 15 92 44 
83 3 126 348 555 1100 1488 35 10 15 31 41 


A comparison of the values of the constants 7,/7, 7T,/T, etc., 
from Tables I and II at once shows that whereas in the former it 
is steadily decreasing, it is fairly constant in the latter, which 
supports the views advanced before. 


The above considerations throw a greater insight into the 
mechanism of slow coagulation in as much as coagulation takes 
place more by the growth of the primary particles on the multiple 
particles present in the sol than by forming fresh combinations 
between primary particles themselves. This also satisfactorily 
explains a number of well known phenomena in Colloid Chemistry. 
Thus, the disappearance of autocatalytic nature on continued dia- 
lysis of the sol, as observed by Desai and Patel (loc. cit.) on ThO, 
sol can be attributed to the continued increase in the number of 
complex particles formed in the sol owing to the gradual removal 
of the peptising ions which also explains the continuous decrease 
in the flocculation value of KCl with the progress of dialysis of a 

e(OH); sol as observed by Desai and Barve (Nature, 1981, 128, 
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907).* The phenomena of “‘acclimatisation’’ and ‘‘ ageing effect ’’ 
may also be similarly attributed to the difference in the number 
of complex particles formed in the same sol under different condi- 
tions. 


It thus seems reasonable to conclude that Smoluchowski’s 
theory is of limited applicability to cases of slow coagulation, «, the 
‘‘adherence factor’’ is not a constant but a function of time, 
increasing with it aiong with the growing size of the particles. 


The author wishes to thank Dr. P. B. Ganguly for his kind 
interest in this work. 


PaysicaAL CHEMIsTRY LaBoraToRy, Received May 4, 1933. 
Science CoLLeGe, Patna. 


* The recent observation by Mehta and Joseph (loc, cit.) that the rate of coagu- 
lation of an imperfectly dialysed TiO, sol is higher, while that of the same sol with 
prolonged dialysis is lower than that required by Smoluchowski’s theory, also receives 
a similar interpretation. 
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Reactions of Dinitriles with Aromatic 
Hydroxyaldehydes. 


By NIRMALANANDA PALIT. 


Simple aliphatic and aromatic aldehydes have been found to react 
with the bimolecular nitriles (imidoacylmethylcyanides) to form 
substituted 8:5-dicyanodihydropyridine derivatives (Meyer, J. pr. 
Chem., 1908, 78, 507 ; Mohr, ibid,, 1897, 56, 124). 


R'CHO +CN-CH=CR’ 


\ ae 
NE C(CN) =CR’ 
wid RCH NH 
F C(CN) = CR” 
CN-CH=CR’ 
(1) 


(R = H, Me, Ph, anisyl, piperonyl, cinnamy! etc., R’ = Me, Ph.) 


In the present investigation aromatic hydroxyaldehydes have 
been employed to see if the presence of the additional hydroxyl group 
modifies the above general course. It was expected that with the 
o-hydroxyalde-hyde (salicylaldehyde) the dinitrile would react in 
the tau tomeric imino form to give 3-cyanoquinoline derivatives in the 
same way as 0-aminobenzaldehyde and o-aminoacetophenone react 


with it (Myer, ibid., 1914, ii, 90, 1). 
con HsC-CN oR=C-ON 
OH, + — CoH. l 


It was found, however, that the reaction did not proceed in this 
direction at all but followed an entirely different course. Mohr (loc. 
cit.) who used diacetonitrile only, found that curiously enough two 
molecules of the aldehyde reacted with one molecule of the dinitrile 
with the elimination of two molecules of water and he could not 
decide the constitution of the product. 


9 





530 , N. PALIT 


2 OH: C,H,’ CHO + CH,;: C(:NH) CH,"CN = 
C1sH,,03Ne + 2H,O 


On extending the reaction to the case of other dinitriles, it has 
been found by the author that the above is the general course of 
reaction with salicylaldehyde, although by modifying the conditions 
of experiment a dicyanodihydropyridine derivative (I) could be 
obtained only from p-toluacetodinitrile. In order to elucidate the 
constitution of Mohr’s class of compounds, the following evidence has 
now been brought forward to indicate the presence of a xanthhydrol 
ring in it. 

The absence of a phenolic hydroxyl group, aldehyde, imido or 
amido group is shown by the facts that it is not soluble in alkali, 
does not reduce Schiff’s reagent, nor is oxidised to an acid by perman- 
ganate solution and it is insoluble and unchanged in boiling hydro- 
chloric acid. It may contain a cyanogen group since it easily goes into 
solution in strong sulphuric acid in the culd. No carboxylic acid has 
yet been obtained from the solution. It is interesting to note that 
although it contains no hydroxyl (phenolic) or amido group, it gives 
a monoacety! derivative with greatest ease in the cold. No poly- 
acetyl derivative could be obtained even on boiling. This indicates 
the presence of an alcoholic hydroxyl group. When heated with fum- 
ing hydrochloric acid in a sealed tube it takes up a molecule of water 
and the product is a phenol soluble in alkali, indicating thereby the 
presence of an oxygen atom in the ring which undergoes fission during 
hydrolysis. Attempt was made to prepare the triacety! derivative of 
the hydrolysis product, but a mixture of polyacety! derivatives 
was obtained which could not be separated. To avoid the production 
of this mixture, the substance was first methylated and subsequently 
acetylated but yet no pure compound could be obtained. The above 
evidence suggests the presence of a xanthhydrol ring in it, although 
like xanthbydrol it is neither easily oxidised nor combines energetical- 
ly with urea in alcoholic solution. 

While salicylaldehyde behaved in the above abnormal way, m- and 
p-hydroxybenzaldehydes condensed with the dinitriles in the usual 
manner and the best conditions for condensation have been studied. 
In attempting to oxidise the dihydropyridines so obtained by nitrous 
acid gas, the expected pyridine was not formed in the case of m-hydro- 
xybenzaldehyde and an analysis showed that the molecule was rup- 
tured to yield a ketone thus, 
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(CN) = C(C;H,) 
OH‘C,H, ‘CH NH = 


531 


CO* CN 


OH'C,H,°CH 

CO" CN 
No semicarbazone or phenylhydrazone of this ketone could be obtain- 
ed due to the insoluble nature of the substance, but its formation 
received confirmation from the fact that the same compound was also 
produced when the corresponding dihydropyridine from benzoaceto- 
dinitrile was similarly oxidised. Such oxidation proceeded much 
more smoothly when glacial acetic acid was used as the medium in 
place of absolute alcohol. With the dihydropyridines from p-hydro- 
xybenzaldehyde, the oxidation proceeded in the normal way to yield 
pyridines, but they are not basic and are insoluble in acids, due 
probably to the cyanogen groups. 


EXPERIMENTAL. 


Three dinitriles were prepared by condensing methylcyanide with 
phenyleyanide, p-tolucyanide and p-methoxyphenylcyanide. The first 
two have been previously obtained, but it has now been found that the 
yields are much improved when the mixture of the nitriles is heated 
with molecular sodium in ether for9 hours and then allowed to 
stand overnight. 

p-Anisylacetodinitrile.—Molecular sodium (13°8 g.) was suspended 
in dry ether containing anisylcyanide (40 g.). Methyleyanide (24°5 g.) 
was added in drops at ordinary temperature. After half the 
quantity was added, the mixture was warmed on the water-bath, 
when brisk action ensued. The mixture was finally heated on the 
water-bath for 9 hours and allowed to stand overnight. The cream 
coloured sodium derivative was filtered, washed with dry ether 
thoroughly, and when dry, was gradually added to cracked ice. It 
was washed, dried and crystallised from alcohol, m. p. 117°, yield 
30 g; 7 g. of unchanged anisylcyanide were recovered from the ether 
washings. (Found: C, 69°04; H, 5°89; N, 16°28. C,;9H,,ONg re- 
quires C, 68°96; H, 5°74; N, 16°09 percent). 


Condensation with Salicylaldehyde. 


p-Toluacetodinitrile.—A mixture of the dinitrile (6°2g.) and 
the aldehyde (3°6 g.) was heated in boiling water for 9 hours; strong 
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smell of ammonia was perceived and the liquid set to a hard solid 
on cooling. It was washed with caustic soda and water, dried and 
subsequently digested with boiling acetone when a white powder was 
left behind (yield 8g.). It is insoluble in alcohol and petroleum ether, 
dissolves with difficulty in acetone and ethyl acetate, more easily 
soluble in benzene from which it is crystallised, m. p. 217-18°. 
(sound: C, 78°77; H, 5°00; N, 7°63. C.,H,,0gNe requires C, 78°68; 
H, 4°91; N, 7°65 per cent). 

The acetyl derivative.—The substance quickly went into solution 
in excess of acetic anhydride and a drop of concentrated H,SO, and 
after 5 minutes the solution was poured into water and the product 
collected and crystallised from acetic acid, m. p. 180-81°. (Found: 
C, 76°43; H, 4°89; N, 6°97. CogHe .03Ne requires C, 76°47; H, 
4°90; N, 6°86 per cent). The same monoacety! derivative was also 
produced when the substance was boiled under reflux with excess of 
acetic anhydride and a drop of pyridine. 

Hydrolysis.—The substance was heated in a sealed tube with 
concentrated HC! at 180-85° for 4 hours (at 150-55° the substance is 
recovered unchanged), when a deep red glass-like globule stuck to the 
sides of the tube. It is insoluble in sodium carbonate but dissolves in 
caustic soda with a beautiful violet colour and is reprecipitated on acidi- 
fication. It was crystalllsed from alcohol as a vermillion powder, m.p. 
198° (shrinking). (Found: C, 74°98; H, 5°32; N, 7°49. Co,Ho903No 
requires C, 75°00; H, 5°20; N, 7°29 per cent). 

The methory derivative was prepared in the usual way with di- 
methylsulphate. The resulting yellow mass subsequently solidified 
and after preliminary purification from methyl alcohol melts at 
100-10°. It could not be crystallsed for analysis. 

p-Toluacetodinitrile in glacial acetic acid.—The aldehyde and the 
dinitrile were dissolved in the acid and heated on the water-bath for 
2 hours, when solids began to separate immediately on warming. This 
is probably the open-chain diamine representing the intermediate 
compound in (I). It gradually went into solution and a crystalline 
deposit was formed on cooling. It was twice crystallised from 
acetone or a large volume of acetic acid, m. p. 266-67° with a little 
previous shrinking. It dissolves in hot caustic soda and is repre- 
cipitated on acidification. (Found: C, 80°48; H, 5°54; N, 10°25. 
Cg;H2,ON; (Type I) requires C, 80°39; H, 5°21; N, 10°42 per cent). 

Benzoacetodinitrile.—When the mixture of  salicyl-aldehyde 
ond benzoacetodinitrile was heated on the water-bath for 9 
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hours and subsequently washed with acetone, a white powder 
was left behind which was twice crystallised from benzene, 
m. p. 225-26°. (Found: N, 8°12. Cg3;H,;,0,Ne requires N, 7°95 
per cent). 

The same product was obtained even when the condensation 
was attempted in acetic acid. Having failed to obtdin the dihydro- 
pyridine derivative in this way the condensation was next tried 
in acetic acid in presence of dry HCl gas. The liquid was 
worked up after a week and the product crystallised from acetic 
acid in wooly needles, m. p. 291-92°. (Found: C, 78°56; H, 4°82; 
N, 8°22. Cg,H,;g0gNeq requires C, 78°40; H, 44; N, 795 per 
cent). This substance has the same empirical formula as Mobhr’s 
class of compounds. To determine if this peculiar influence 
of HCl gas as condensing agent is general, the condensation 
was attempted with p-toluacetodinitrile also. The product crystallised 
from pyridine in shining silky mass melting above 300° but again 
having the same percentage composition as Mohr’s class of com- 
pounds. 

Anisylacetodinitrile.—The condensation was effected with or 
without acetic acid, but the same product was produced. It crys- 
tallised from benzene, m. p. 247-48°. (Found: N, 7°64. Cg,H),03No 
requires N, 7°33 per cent). 


Condensation with p-Hydrorybenzaldehyde. 


Benzoacetodinitrile.—The acetic acid solution was boiled for 
14 hours; copious light crystals were collected overnight.* The pro- 
duct was twice crystallised from acetic acid, m.p. 218-19°, (Found: 
C, 80°12; H, 4°68; N, 11°28. Cp,H,;ON; (Type I) requires C, 80°00; 
H, 4°53; N, 11°20 per cent). 

The ozidation of the above compound was carried out by passing 
nitrogen trioxide into an alcoholic suspension cooled in ice for 8 
hours. The mixture was kept in ice overnight and the light bulky 
mass, which dissolves freely in acetone, crystallised three times 
from absolute alcohol; it shrinks at 255° and melts at 265°. (Found: 
C, 80°52; H, 4°24; N, 11°48. C.,H,;,ON, requires C, 80°42; H, 4°02; 
N, 11°26 per cent). 


* In all these condensations with m- and p-hydroxyaldehydes, there is a time 
limit for heating the mixture, for too much boiling always results in a side reaction 
where the solid that first separates goes into solution to yield a gummy impure 
mass. 
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p-Toluacetodinitrile.—The solution in acetic acid on boiling for 
7 minutes deposited pale yellow sandy crystals and the reaction was 
complete in $ hour. It is insoluble in benzene, ligroin, soluble with 
difficulty in acetic acid, easily in acetone, pyridine and caustic soda. 
It was crystallised from acetic acid, m.p. 259-60°. (Found: C, 
80°41; H, 5°36; N, 10°50. Cy;H,,ON; requires C, 80°39; H, 5°21; 
N, 10°42 per cent). 

On oxidation it gave a white gelatinous cake which on drying, 
assumed a deep orange brown colour on exposure. It was repeatedly 
crystallised from acetone till it no longer changed colour on exposure, 
m.p. 245-46°, (Found: C, 80°88; H, 4°91; N, 10°75. Cy 5;H,,ON, 
requires C, 80°80; H, 4°74; N, 10°47 per cent). 

Anisylacetodinitrile-—The condensation was carried as_ usual, 
and a solid separated immediately on warming, which was filtered 
after an hour without allowing to cool. When crystallised from acetone 
it softens at 379° and melts at 885°. (Found: C, 74°63: H; 5°00; N, 
9°58. Co;H,,03N; requires C, 74°48; H, 4°82; N, 9°65 per cent). 

On oxidation a flocculent light precipitate appeared quickly. It 
was kept in an ice chest for a day and filtered. A bulky milk white 
substance was obtained which shrank enormously on drying and 
assumed a deep yellow colour on exposure. Light white feathery 
crystals melting at 248-50° separated from acetone. (Found: C, 
74°98; H, 4°58; N, 9°85. Cy,H,,03N, requires C, 74°82; H, 4°38; 
N, 9°70 per cent). 


Condensation with m-Hydroxybenzaldehyde. 


Anisylacetodinitrile—On boiling the solution in acetic acid 
clusters of needles began to separate within 10 minutes. The colour 
darkened to deep red and the reaction was complete in 14 hours. 
The liquid crystallised en masse overnight. It was twice crystallised 
from acetic acid, m.p. 218-20°. (Found: N, 9°78. Cyg,H»,,03N; 
requires N, 9°65 per cent). 

Repeated attempts to ozidise it in the usual way resulted in 
complex mixtures which on careful purification always gave 
substances with much higher nitrogen content. The substance was 
dissolved in warm acetic acid, cooled and saturated with N,0;. Next 
day the unchanged crystals were redissolved by warming and the 
flask was heated on the water-bath. The brown fumes were gradually 
used up and the solid no longer crystallised on cooling showing 





IF 





er) 


DINITRILES WITH AROMATIC HYDROXYALDEHYDES 535 


that the reaction was complete. The deep yellow liquid was evapora- 
ted to dryness and the solid crystallised from acetone, m.p. 256-57°. 
It dissolves in cold alkali. [Found: C, 61°68; H, 2°95; N, 13°32. 
C,,H,O;N, (ketone) requires C, 61°68; H, 2°80; N, 13°08 per 
cent]. 

Toluacetodinitrile-—The condensation was effected as usual 
and the product crystallised from acetic acid, m.p, 269-70°. It turns 
beautiful violet on exposure. (Found: N, 10°44. Cy;H,g,ON, re- 
quires N, 10°42 per cent), 

The ozidation gave a light bulky mass which crystallised from 
acetone in silky fibres resembling those from anisylacetodinitrile by 
oxidation. It has the same m.p. 256-57° which is unaltered when the 
two substances are mixed. On analysis it showed the same composi- 
tion. 

Benzoacetodinitrile-—The condensation product was twice crys- 
tallised from acetic acid, m. p. 267-68°. (Found: N, 11°36. 
Cy;H,7ON, requires N, 11°20 per cent). 


In conclusion, I wish to thank Prof. A. 8. Khan for giving me 
facilities to carry out this work in this laboratory. My best thanks are 
also due to Dr. P. C. Mitter and Dr. J. C. Bardhan of the 
University College of Science, Calcutta, for their kind interest and 
material help with some chemicals. 


CHeEmMicaL LABORATORY, 
SciENcE COLLEGE, Received May 13, 1933, 
PATNA. 








On the Ethyl and Methyl Esters of Fluocarbonic Acid. 
By Harisa Coanpra GoswaMI AND PuLin Braart SARKAR. 


Search for the literature shows that free halogenocarbonic acids 
have not been isolated, only the ethyl and methyl esters of chloro- 
carbonic acid being known. 

Moissan (Bull. Soc. chim., 1891, iii, 5, 456) introduced silver 
fluoride as the fluorinating agent. Meslans (compt. rend., 1892, 114, 
1020) obtained acetyl fluoride by the action of anhydrous zine fluo- 
ride on acetyl chloride. Swarts (Bull. Soc. chim. Belg., 1930, 39, 
444)* introduced SbF, and a small quantity of SbCl, or bromine (as 
catalyst) as well as Hg F, as fluorinating agents. The affinity of 
fluorine for carbon is enormous which is demonstrated by the 
remarkable stability of the covalent linkages of these two atoms. 
Fluocarbonic esters are, therefore, expected to be quite stable. 
Attempts to prepare the fluocarbonic esters from the corresponding 
chlorocarbonic esters with any of the above methods were unsuc- 
cessful, explosive decomposition with the evolution of alkyl fluoride 
taking place. 

On the other hand, by the action of anhydrous thallous fluoride 
on the ethyl and methyl esters of chlorocarboic acid we have been 
able to isolate the corresponding fluocarbonic esters. They are pun- 
gent smelling liquids lachrymatory, boiling respectively at 57° (ethyl 
ester) and 40° (methyl ester). In the absence of moisture they do 
not attack glass. 

The substitution of chlorine by fluorine lowers the boiling point 
by 36° and 32° in case of ethyl and methyl esters. The methyl! ester 
is found to be denser than the ethyl ester, the same being the case 
with the initial chlorocarbonic esters. It is interesting to compare 
the boiling points of the acid chlorides and acid fluorides previously 


described in the literature. 
Difference. 


B.p. 
Methy! chlorocarbona te dys, 1°236 71°4° 
Methy! fluocarbonate dy, 1°06 40° 31°4 


Ethyl chlorocarbonate djs, 1°1 44 93° 
Ethyl fluocarbonate d3g, L'il 57° 36 


Acetyl chloride 52° (720 mm.) 
Acetyl fluoride 20°8° (770 mm.) 


Propiony| chloride 80° 
Propionyl fluoride 44 


* Communication to the Science Congress in Bruxelles in July, 1930, 
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EXPERIMENTAL. 


Method of Analysis. 


Estimation of C and H.—The ordinary method of analysis of 
organic compounds is to be modified for the following reasons: 
(1) Organic fluocompounds heated in contact with glass yield Sik, 
which is not decomposed by CuO maintained at a dull red heat. 
(2) Hydrofluoric acid vapour is incompletely decomposed by 
CuO. 

The analysis was carried out as recommended by Moissan (Ann. 
chim, Phys., 1890, vi, 19, 277) ; the combustion was effected 
in acurrent of oxygen in a metal tube by means of a mixture 
of CuO (80%) and litharge (20%), the latter retaining all fluorine as 
oxyfiuoride. The metal tube used in this case was a copper tube 
filled with the aforesaid mixture and heated to redness in an electric 
furnace. In order to prevent the two end corks from charring a 
lead tube, through which cold water was circulated, was coiled round 
the ends. The substance to be analysed was weighed in a capillary 
tube introduced into hard glass tube drawn to a capillary end and 
placed close to the end of the copper tube. It was then cautiously 
vapourised in a slow current of dry oxygen by means of a regulated 
tiny microburner. 

Estimation of fluorine.—Generally the fluorine directly linked to 
carbon is extremely difficult to analyse. In these cases no such 
difficulty was experienced owing to the presence of a doubly linked 
oxygen attached to the same carbon atom. 

The sealed tube containing a weighed amount of the substance was 
broken in 6 N-ammonia taken in a stoppered pyrex flask. After the 
completion of the hydrolysis, the solution was transferred to a platin- 
um basin and evaporated on the water-bath to drive off the excess 
of ammonia. The residue was then dissolved in water, filtered and 
the fluorine was then precipitated as calcium fluoride with calcium 
nitrate. The precipitate was afterwards filtered through a tared 
glass gooch, washed with water saturated with calcium fluoride, dried 
at 120° and weighed. 

Ethyl fluocarbonate.—Ethyl chlorocarbonate (35 g.) was taken 
in a 100c.c. flask fitted with a condenser, cooled by iced water. 
Powdered anhydrous thallous fluoride (74 g.) was introduced into the 
flask and the mixture well shaken and left for about 12 hours at the 
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room temperature (27°) with occasional stirring and was then 
refluxed on a water-bath for 2-3 hours. The product distilled 
at 57° and was purified by redistillation; d,,, 1°06, yield, 
14g. (47% of the theory), (Found: C, 38°8; H, 5°68; F, 
20°81. C,;H,O,F requires C, 39°1; H, 5°43; F, 20°65 per cent). 

It is a pungent smelling lachrymatory liquid. It reacts vigorously 
with ammonia with the formation of ammonium fluoride and 
urethane. The reaction product is treated with ether from 
which urethane crystallises out and is identified by its melting 
point. 

Methyl fluocarbonate.—Methy! chlorocarbonate (25 g.) was taken 
in a 100 c.c. flask with a condenser fitted with ice-cold water. 
Anhydrous thallous fluoride (65 g.) was introduced and the mixture 
well shaken and kept in an ice-bath for about 6 hours. The flask 
was then kept at the room temperature for 2-3 hours and finally 
refluxed at 50°. The product distils at 40°, yield 5 g. (Found: F, 
24°53. CyH,0,F requires F, 24°48 per cent). 


Inorcanic CHEMIsTRY LABORATORY, 
University CoLLece or Science, Received July 15, 1933. 
CALCUTTA. 








Influence of Temperature and Light Intensity on 
Photosynthesis and Respiration and an 
Explanation of ‘‘ Solarisation ’’ 
and ‘‘ Compensation Point ’’ 


By N. R. Dwar. 


It is well known that the Arrhenius equation log e K,/Kog= 
A (T,—T,)/T,T¢ is applicable to ordinary chemical reactions taking 
place in a homogeneous system (K, and Kg are the velocities of 
the reaction at 7, and 7, absolute temperatures and A is a constant). 

In a previous publication (Dhar, Proc. K. Akad. Wetensch. 
Amsterdam, 1920, 28, 44) it was shown that the application of the 
above Arrhenius relation connecting velocity and temperature of a re- 
action is certainly more correct than to apply the van’t Hoff rule 
that the temperature coefficient of a chemical reaction for a 10° 
rise of temperature lies between 2 and 3, because the temperature 
coefficient does not remain constant at different temperature in- 
tervals but falls off with increase of temperature. Moreover, Dhar 
(J. Chem, Soc , 1917, 111, 707) has shown that for some reactions, 
the temperature coefficient can have the value 7°2 for a 10° rise. 

Many plant physiologists following the lead of Blackman have 
applied the van’t Hoff rule to plant temperature studies. Thus 
Stiles states, ‘‘Many plant and animal processes have been shown 
to obey the van’t Hoff rule, if only approximately and within 
limits,’’ and ‘‘similar curves for the respiration of higher plants 
have been constructed by Kuijper, who found the van’t Hoff rule 
followed between 0° and 20°’’ (‘‘Photosynthesis’’, 1925, p. 100). The 
application of the Arrhenius relation has been found to be general 
with ordinary chemical reactions. When the same _ relation 
is applied to the results actually obtained regarding the influence 
of temperature on photosynthesis in plants, it fails, as will be evi- 
dent from the following table obtained from Warburg’s results (Bio- 
chem. Z., 1919, 100, 259). 


E,220 
rr 


Light intensity. Obser\ eat Cale. 


16 2°0 4°11 between 16° and 25° (taking 
4°7 between 5° and 10°) 
45 4°01 between 10° and 20° (taking 
4°8 between 5°4 and 10°) 
45 ‘ 3°66 between 20° and 30° (taking 
4°83 between 5°4 and 10°) 
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The results have been calculated by applying the Arrhenius relation. 
It appears that the temperature coefficients of photosynthesis do 
not obey the Arrhenius relation, which has been found to be univer- 
sally applicable to ordinary chemical reactions investigated so far 
and no case of failure has been reported. In photosynthesis the 
observed values are always smaller than the calculated values. The 
reasons of the non-applicability of this relation to photosynthesis in 
plants are, (i) the greater influence of temperature on the res- 
piration process than that on photosynthesis, and, (ii) the harmful 
influence of high temperatures on the chloroplasts. 

It has already been stated that when the temperature of a 
plant system undergoing photosynthesis is increased the velocity of 
photosynthesis increases but to a smaller extent than that of 
respiration. Consequently, the temperature coefficient of the obser- 
ved photosynthesis will appear tobe smaller than when the rever- 
sible reaction was not present. Moreover, the chloroplast in the 
protoplasmic cells which is likely to be active in the photosynthetic 
process starts undergoing deterioration when the temperature is 
greater than 20° and may be partially destroyed when the tempera- 
ture is still greater. This is evident on comparing the results 
obtained by Warburg (loc. cit.) and those calculated from the Arrhenius 
relation. The observed temperature coefficients between 16° 
and 25° and between 10° and 20° are nearly half of the calculated 
values, whilst the observed temperature coefficient between 20° 
and 30° is much less than half of the calculated value. The 
pernicious influence of high temperature on physiological, enzyme, 
and bacterial processes is well known. In most cases the optimum 
temperature in these reactions is round about 20°. Moreover, in 
plant photosynthesis, there is an additional factor, namely, the 
reverse reaction, e.g., respiration, which is also simultaneously going 
on andis counterbalancing the photosynthetic reaction and hence 
the influence of temperature on photosynthesis is less pronounced due 
to these counteracting agencies. 

It has already been stated that in the case of some chemical react- 
ions, the temperature coefficient can have the high value 7°2. Hence 
it is no wonder that the temperature coefficient of photosynthesis at 
low temperatures (between 5° and 10°) has the value 4°3. It seems 
probable that the photosynthetic reaction is not an adsorption process 
of which the average temperature coefficient is in the neighbourhood 
of 1°2 for a 10° rise of temperature, but it is controlled by a truly 
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photochemical change having a moderately high temperature 
coefficient. In several communications from these laboratories it has 
been shown that photochemical reactions need not have temperature 
coefficients approaching unity but can have values as high as 4 
(cf. Dhar, ‘‘ Chemical action of light ’’, 1931, pp. 314-318). From the 
foregoing considerations, it is clear that it is needless to assume that 
the photosynthetic process involves two reactions. It is believed that 
in the high light intensity, the chemical reaction (‘‘Blackman reaction”’ 
as designated by Warburg) is determining the total velocity of 
the reaction, because for a_ rise of temperature between 15° and 
25°, the velocity of the photosynthesis is doubled. On the other 
hand, in low light intensity the temperature coefficient instead of 
being 2 as with intense light, is 1°06 and hence it has been assumed 
that the chemical reaction is not the controlling factor as in the 
previous case ; but the photochemical reaction with a low tempera- 
ture coefficient determines the photosynthetic rate at low intensities 
of light. 

In presence of intense light, the photochemical reaction causing 
photosynthesis and having a moderately large temperature coefficient, 
is predominant and the counteracting influence of the respiration 
process, which is not as much accelerated by light as the photosyn- 
thetic reaction, is not prominent. On the other hand, in presence 
of feeble illumination, the velocity of the photosynthetic reaction is 
not high, because this reaction takes place ouly in light and is 
proportional to the light intensity. In this case, the counteracting 
influence of respiration, especially at increased temperatures, becomes 
prominent and hence the influence of temperature on the observed 
photosynthetic rate is feeble. 

Warburg (loc. cit., p. 258) has observed that the temperature 
coefficient of photosynthesis with the unicellular alga chorella 
is much less when the light intensity is feeble than when it is 
strong. Thus k,+10/k, between 16° and 25° with a light intensity 
16=2°0, and k, +10/k, between 15° and 25° with a relative intensity 
of 1=1°06. 

These results which appeared to have been confirmed by other 
workers: can be explained in the following way : 

It has already been stated that in a plant, the following opposing 
reactions are taking place 


nCOg + nH,0 == nC,Ho,0, + n Og 
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and the temperature coefficient of photosynthesis is less than that of 
respiration. Hence, when the light intensity is feeble, the velocity 
of photosynthesis is small and is slightly greater than that of respira- 
tion at the same temperature. Now when the temperature of the 
system is raised through 10° (say), the velocity of the photosynthesis 
will be increased to a smaller extent than that of respiration. 
Consequently the temperature coefficient of the observed photo- 
synthesis may be unity or less. 

It will be interesting to note in this connection that Harder 
(Jahrb. Wiss. Bot., 1915, 56, 281) working with low light intensity 
and sea plants of the polar region obtained the following ratio bet- 
ween photosynthesis and respiration for different temperatures. 


20°.22° 0°5882 0°4227 0°4280 
2°-3°5° 1°603 0°9207 2°059 


Moreover, in nature when the temperature of the air is high, the 
plants gain no material through photosynthesis because of the high 
respiration, whilst at lower temperatures with the same light inten- 
sity, food materials are formed in the plant. 

Willstiitter and Stoll (‘‘ Kohlensiiure Assimilation’’, 1918) have re- 
ported that leaves of low chlorophyll content exhibit a lower accelera- 
tion with increasing temperature than the leaves of high chlorophy]! 
content. Thus leaves of ulmus with low chlorophyll content showed 
a temperature coefficient of 1°34 and witha high chlorophyll content of 
1°53 between 15° and 25°. These results of Willstiitter and Stoll 
can be explained from the view point already advanced. 

The important researches of Willstiitter and Stoll show that 
although there are minor discrepancies, the rate of photosynthesis 
is determined by the chlorophyll content of the plant. Hence, in 
presence of large amounts of chlorophyll in the leaves, the velocity 
of the photochemical reaction involved in the photosynthetic process 
will be larger than in the case of leaves containing smaller quantities 
of chlorophyll. In the case of leaves containing large amounts of 
chlorophyll, the direct photochemical process being high, the reverse 
reaction of respiration will appear to be less pronounced and this 
case is comparable to the case previously discussed with high light 
intensity, and hence a temperature increase will lead to an increase of 
photosynthesis. On the other hand, in presence of small amounts 
of chlorophyll in the leaves, the photosynthetic rate is low and hence 
the opposing respiration reaction will appear to be prominent and this 
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case is allied to photosynthesis with low light intensity having a 
small temperature coefficient. 

Willstitter and Stoll obtained the following interesting 
results. 

Photosynthesis of the green and yellow varieties of Elm. 


5% CO, and 24000 Lux. 


Variety. Temp. Dry wt. Leaf sur- Chlorophyll. -s& Photosynthesis 
of leaves. face. g- COs/hour. 


—_———— --—_— —_ - — 


8 g. 1 sq. m. 
fresh online 


leaves. 
Chlorophyll poor 25° 2°00 g. 321 sq. cm. 0°95mg. 0°075 2°3 
” o 15° 2°00 321 0°95 0°056 17 
Chlorophyll rich 25° 2°35 86421 13°0 0°089 21 
” ” 15° 2°35 421 13°0 0°058 14 


The foregoing results show that the temperature coefficient (1°53) of 
the photosynthesis with chlorophyll-rich leaves is greater than that 
with chlorophyll-poor leaves (1°34), although the photosynthesis is not 
at all proportional to the amount of chlorophyll in the leaves. 
Willstatter and Stoll find that temperature variations do not affect 
the rate of photosynthesis of the yellow varieties, as muchas the 
normal ones. In the yellow varieties, the amount of photosynthesis 
being small, the compensating influence of respiration becomes promi- 
nent and hence temperature does not appear to influence photosyn- 
thesis with these varieties to the same extent as the normal ones 
with more chlorophyll. 

Moreover, differences in light intensity have more profound effect 
on the yellow varieties than on the normal ones and the time factor 
appears more slowly than in the normal ones. It is well known that 
photosynthesis increases with the light intensity and the chlorophyll 
content of the leaves. Now in the case of leaves containing much 
chlorophyll, the velocity of photosynthesis will be high and may 
reach the maximum, even when the light intensity is not high and 
hence in these cases, the reaction will be less sensitive to the iufluence 
of light changes, because the reaction is already fast due to the pre- 
sence of large amounts of chlorophyll. On the other hand, when the 
chlorophyll content is small, the reaction velocity is small and light 
will affect the velocity more markedly than in the previous case. Thig 
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explanation is in agreement with the observations of Willstitter and 
Stoll that in the chlorophyll-rich leaves, an increase oflight intensity 
was without influence on photosynthesis ; in fact the light intensity 
could be reduced by 3/8 without affecting the rate of photosynthesis. 
Exactly similar exhaustion effect has been observed with several 
photochemical reactions where the velocity of the reaction may be 
proportional to 1} or 1} in some cases where the reaction is 
very fast (cf. Bhattacharya and Dhar, J. Indian Chem. Soc , 1929, 
6, 197, 523). 


Respiration—the most Fundamental of Plant Processes. 


It seems that in plants, as much as in animals, r.spiration is the most 
fundamental process, that is going on in the plant system. Photo- 
synthetic activity is a subsidiary reaction, in comparison with respira- 
tion. It appears that the various processes, which are associated with 
plant life can only take place as long as respiration lasts. 

The activity of a plant is measured by its respiration. It appears 
that the greater the rate of respiration per unit surface, the greater 
is the activity of the plant. The amount of respiration would depend 
on (i) the concentration of carbohydrates and other food materials 
available in the plant, (ii) a minimum oxygen pressure, and, (iii) the 
activity of the enzymes and inductors. When factors (ii) and (iii) are 
constant, respiration will depend on the concentration of carbohydra- 
tes, proteins and other food materials, which is controlled by the 
photosynthetic activity of the plant. 

The view that respiration is more fundamental in plant life than 
photosynthesis is supported from the following observations. 

Warburg (Biochem. Z., 1919, 100, 264) has reported that, while 
respiration is not influenced by different partial pressures of oxygen 
above a certain minimum, photosynthesis is Jess at higher pressures. 
A change in the partial pressure of oxygen from 1/50 to 1 atmos- 
phere reduces the photosynthetic rate by about 1/3. 

Wurmser and Jacquot (Bull. Soc. Chim. biol., 1923, 5, 305; 1924, 
6, 169) have observed that when certain marine algae are subjected to 
temperatures from 36° to 45° for 1 to 15 minutes, the rate of photo- 
synthesis is always depressed when the plants are returned to 
the temperature of the environment (16°). Similar effects are pro- 
duced with glycerol. Warburg has shown that photosynthetic rate 
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is reduced by hydrocyanic acid and urethanes in extreme dilu- 
tions in which the respiratory activity is not affected and in cer- 
tain cases, even stimulated. I[t appears, therefore, that photo- 
synthetic process is more sensitive than that of respiration. As 
all plant processes depend on respiration, which is the vital reac- 
tion in plant life as much as in animal life, photosynthetic 
activity cannot proceed without respiration taking place in the 
plant and hence, without the presence of oxygen, which supports 
respiration in both plant and animal life. Because lack of oxygen 
is detrimental to respiration, it is also harmful to photosynthesis. 
Consequently the classical experiments of Boussingoult (Agronome 
chimi agricole et physilogie, 1868, 4, 329) and Pringsheim (Sitz. 
preuss. Akad, Wiss., 1887, 763) showing that in an atomosphere of 
hydrogen, nitrogen, carbon dioxide, or methane, plants lose the 
power of photosynthesis, are easily explained from the above view- 
point, because in presence of these gases, oxygen respiration stops. 
It appears, therefore, that besides light, chlorophyll, carbon dioxide 
and moisture supply, respiration is also necessary for photosynthesis. 

Willstatter and Stoll have observed that various plants exhibit 
a wide variation in their resistance to lack of oxygen. According 
to Willstitter and Stoll, the partial pressure of oxygen can be 
reduced to 1/100th of that in air without affecting photosynthesis 
if the rest of the atmosphere is nitrogen. After complete displace- 
ment of oxygen for 2 hours, the leaves on illumination cannot 
effect photosynthesis, although under these conditions, the leaves 
show no visible signs of injury. When cyclamen europacum, 
polytrichum juniperinum are exposed to oxygen-free atmosphere 
for 1 hour, the photosynthetic activity is decreased but not 
entirely stopped. When the plants are kept in oxygen-free atmos- 
phere for 15 to 24 hours, they show no photosynthesis immediately 
on illumination, but after 4 hour or so, photosynthesis begins 
and continues to a high rate. Long continued exposure to oxygen- 
free atmosphere produces injurious effects on the photosynthetic 
mechanism. The longer the time of exposure of a plant to an atmos- 
phere free from oxygen, the lower is the rate of subsequent photo- 
synthesis and more incomplete the recovery. Willstiitter and 
Stoll have concluded from their careful experiments that oxygen is 
essential for photosynthesis but a small quantity of oxygen is enough. 
Now, as soon as photosynthesis begins, oxygen is generated and 


respiration goes on. Lack of oxygen produces a permanent injury 
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to the plant, because respiration stops in the absence of 
oxygen. 


Moreover, it appears from the foregoing results, that for plants, 
the oxygen requirements for respiration is less than in animals and 
they resist lack of oxygen in their living atmosphere much better 
than animals. 


It has already been stated that the activity of a plant is measured 
by the amount of its respiration per unit surface. Consequently, 
the greater the respiration, the greater the activity of the plant and 
greater the photosynthesis, because ptotosynthesis, like other plant 
processes, is associated with the activity of the plant. It has already 
been stated that in plants, Wilistiitter and Stoll did not find any 
proportionality between the chlorophyll content and its photosyn- 
thetic activity. This is explained from the viewpoint advanced 
here that the respiratory activity of the plant is the most vital of 
the plant processes and all other functions of the plant depend on the 
respiratory activity and consequently, photosynthetic rate is likely to 
be more directly proportional to the respiratory activity than to 
any other single factor, ¢. g., chlorophyll content, light intensity or 
carbon dioxide concentration. Experiments are in agreement with 
this viewpoint. Plaster (Beit. Biol. Pflanzen, 1912, 11, 249) showed 
that the leaves of the light green or yellow varieties have a lower rate 
of photosynthesis and respiration than the varieties rich in chloro- 
phyll. Although, there is no parallelism between chlorophyll content 
and photosynthetic rate, the ratio between respiration and photo- 
synthesis appears to be constant as will be evident from the following 
results obtained by Plaster with the light green varieties: ptclea= 
1°77, catalpa=1°72, mirabilis=2°0, ulmus=2, populuss=2°1. Similar 
results correlating respiration and photosynthetic rate have been ob- 
tained by Miss Henrici (Inaug. Disst. Basel, 118, 90, ‘‘Chlorophyll 
Gehalt und Kohlensiure Assimilation bei Alpen-Eben pflanzen’’) with 
alpine and low land plants, Boysen-Jensen (Bot. tids., 1918, 36, 219) 
and Spoehr and McGee (Carnegie Inst. of Wash. Pub. 1928, No. 325, 
76). 

Willstatter and Stoll have also studied the photosynthetic activity 
of leaves of different ages. They have compared the activity 
of a light green leaf from the end ofa branch with that of a 
dark green Jeaf from the base of the same branch. Their results are 
given below. 
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Photosynthesis of leaves from the same plant but in different 
stages of development at 25°, 5% CO, and 4800 Lux. 





Species. Date. Description 10 G. fresh Photosynthesis Photo- 
of leaves. leaves. g. CO,/hour. synthe- 

— — tic 
number 


dry wt. chloro- perl. perl 
phyll. g.dry sq. dm. P. 
wt. leaf area. 
Acer pseudo June 23 4th-6th leaf 33g. 83mg. 0°030 = O06 11°8 
platanus from end of 
branch 


June 24 From base 3°58 40°0 0°058 =: 0026 5°2 
of branch 


Tilia cor- June25 Young light 2°56 6°5 0°036 «=: O'018 14°2 
data green 


June 26 Lower dark 3°19 28'1 0°058 = «©0"028 66 
green from 
same branch 


Laurus June 30 Light green 3°10 12°7 0°024 =0019 5°9 
leaves 

Nobilis July1 Dark greeu 4°°5 21°32 0°023 = 0'028 3°7 
leaves of pre- 
vious year 


The foregoing results of Willstatter and Stoll on the photosynthetic 
activity of leaves in different stages of development show that 
although the chlorophyll content of the leaves increases and the 
photosynthetic activity also increases, the two are not parallel. 
Consequently, it is clear that with the young leaves, the photo- 
synthetic activity is exceedingly high and is not proportional to their 
chlorophyll content, because the respiratory activity of the young 
leaves is also very high. In other words, the greater the respiratory 
activity (metabolism), the greater is the photosynthetic activity. 
The photosynthetic activity of etiolated plants in which the 
chlorophyll is just developing, shows the disproportionality between 
photosynthesis and chlorophyll content. Willstitter and Stoll, using 
cultures of phaseolus vulgaris and zea mays, found that they are 
remarkably active, as soon as the first traces of chlorophyll are 
formed.in light. Thus phaseolus with a chlorophyll content of 
0°7 mg. per 10 grams of fresh leaves, had a photosynthetic number 
(Pe)of 138, whilst the controll plants grown in light with 18°6 
mg. of chlorophyll per 10 gz of leaves showed a photosynthetic 
number of 9°4. In general, the photosynthetic number of etiolated 
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leaves is much higher than that of young leaves, which developed in 
the light. This is certainly due to the fact that the respiratory 
activity of the etiolated leaves is much greater than that of young 
leaves which developed in light. 


Influence of Iron Compounds on Plant Respiration. 


Moreover, the relation of photosynthesis and chlorophyll content 
of chlorotic plants is of great interest from this point of view. When 
plants grow in the absence of materials containing iron salts, they 
become very pale green or colourless with limited development of 
chloroplasts. This happens even under conditions of high illumina- 
tion intensity. It has already been emphasised that respiration is 
the most fundamental and vital of the plant processes and factors, 
which inhibit respiration, also interfere with normal development and 
growth of plants. It is well known that iron compounds are of great 
importance to respiration in the animal kingdom. Dhar and colla- 
borators (J. Phys, Chem., 1925, 29, 376, 799; 1930, 34, 711, 737) 
have shown that food materials are readily oxidised by air or 
hydrogen peroxide in presence of iron compounds. The iron present 
in animal blood accelerates the metabolism of food materials in the 
body. Consequently when the iron content of the blood decreases 
or the amount of red blood corpuscles becomes less, metabolism of 
food materials becomes defective; the person suffers from anaemia 
or chlorosis. Under these circumstances, iron compounds are used 
as medicine and these help metabolism. 


In plant life also, in the absence of iron compounds, respiration 
becomes defective and hence the vital activities and growth 
of the plant are hindered and it becomes chlorotic and poor in 
chlorophyll content. As the respiratory activity is defective 
in chlorotic plants, it is expected that its photosynthetic power 
will also be anomalous. This is borne out from the experiments 
of Willstitter and Stoll, who cultivated plants with nutrient 
solutions containing no iron. While other types of leaves, also 
poor in chlorophyll, such as the light green or yellow varieties, 
autumnal and etiolated leaves, showed high photosynthetic activity 
in comparison with their chlorophyll content, the chlorotic leaves 
have a low rate of photosynthesis. Hence photosynthesis goes hand 
in hand with respiratory activity. It is interesting to note here the 
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observations of Curtel (Compt. rend., 1900, 130, 1074) who has 
observed that chlorotic plants have a lower rate of respiration and 
transpiration than normal! plants. 

The important fact brought out by the investigation of Willstitter 
and Stoll is that the leaves of light green or yellow variety, as far as 
photosynthesis is concerned, are affected more by differences in light 
intensity, while the leaves rich in chlorophyll are more sensitive to 
changes of temperature. These results have already been explained 
in the foregoing pages from our viewpoint of the opposing influence 
of respiration on photosynthesis. 

In explaining these and other results Willstitter and Stoll have 
been led to the assumption of the existence of an internal factor or 
protoplasmic factor, which is supposed to be of an enzymatic nature. 
The author has put forth the view that this internal factor is 
really the respiratory activity or metabolic activity of the plant, 
which is also probably of an enzymatic nature and may depend on 
the presence of inductors. 


Influence of Age on Plant Processes. 


It is a well established fact that metabolism (carbon dioxide out- 
put) per unit area decreases with age in the animal world (cf. 
Dhar, ‘‘New Conceptions in Bio-Chemistry’’, 1932). In plant kingdom 
the same relation is observed. From the quantitative work of 
Willstaétter and Stoll on the relations between the rate of photo- 
synthesis, chlorophyll formation and respiration, it is clear that 
respiratory activity is very high in very young leaves and it decreases 
with time and development of the leaf. Young leaves have an 
exceedingly high rate of respiration, which decreases to one-fourth 
of this rate when the leaf matures. In general, functional activity 
decreases with age. Under favourable conditions of temperature 
and light, the development of chlorophyll is rapid. Willstatter and 
Stoll have observed an increase in photosynthesis with increase in 
chlorophyll content. There is, however, no direct proportionality 
between chlorophyll content and photosynthetic rate, as shown 
in the following table. (Results of Willstatter and Stoll.) 
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Rate of photosynthesis, chlorophyll content and photosynthetic 


number at 25,. 
5 % COg, about 48,000 Lux. 


From 10 g. fresh Photosynthesis Photosyn- 





leaves. g. COz, / hour. thetic 
number 
Date. Species. dry wt. chloro- _— per g. perl a 
pbyll. dry wt. sq. dm. 
April 29 Aesculus hip- 2°10 g. 10°1 mg. 0°054 0°043 11'1 
Pocastanum 
May 7 2°06 151 0°088 0 039 12°1 
June 3 2°04 24°7 0°054 0°033 6°4 
Oct 8 3°62 31°2 0°041 0°044 4°8 
May 1 Sambuscus 1°85 11°7 0°078 0°046 12°2 
nigra 

May 8 2°25 23°1 0°101 0°057 9°8 
July 14 2°56 23°5 0°057 0°032 6°2 


With time, the dry weight of the leaves increases and on the 
basis of the dry weight, there is a decrease in photosynthesis. The 
leaves also show a consistent increase in chlorophyll content but this 
does not involve an increase in photosynthesis. Similar results have 
been obtained with other leaves. 

It is well known that the longevity of cold blooded animals is 
much greater than that of warm blooded ones of the same size, 
Moreover, amongst warm blooded animals, the longevity of smaller 
animals isin general less than that of large animals. Also the 
duration of life varies inversely as the rate of energy expenditure 
during its continuance. In short, the length of life depends inversely 
as the rate of living. These results can be explained from the view 
point that the greater the activity of the cells and the body enzymes, 
the less is the duration of their active life. It has been frequently 
noted in catalytic operations that the duration of active catalytic 
influence of a highly active catalyst is short (cf. Dhar, ‘‘New Concep- 
tions in Bio-Chemistry’’, 1932). 

These conclusions appear to be applicable to the plant kingdom. 
In studying the influence of temperature on photosynthesis, it has 
been observed that the maximum velocity of photosynthesis cannot 
be maintained for a long time, but that with time, this maximum 
rate shifts to a lower temperature. This time factor is of great 
interest in plant physiology. In leaves poor in chlorophyll, i.e., the 
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light green or yellow varieties, the time factor appears more slowly, 
than in leaves rich in chlorophyll. It has already been stated that 
chlorophyll-rich leaves are more active towards photosynthesis and 
respiration than the yellow varieties of leaves. Hence the duration 
of the activity of the chlorophyll-rich leaves at a definite temperature 
is expected to be less than that of the comparatively inactive 
variety of leaves containing smaller amounts of chlorophyll. Conse- 
quently, the time factor appears more slowly in the less active 
yellow leaves than in the active chlorophyll-rich leaves. In other 
words, the activity of the chlorophyll-rich leaf will last for a shorter 
time than that of the chlorophyll-poor leaf. 


The Phenomenon of ‘‘Solarisation’’. 


It is well known that not only high temperature but also long 
exposure to strong light affects photosynthetic activity. Thus 
Ursprung (Ber. Bot. Ges., 1917, 35, 57) observed that a leaf of 
phaseolus after 5 hours of illumination showed very deep coloura- 
tion of the starch iodine, while after 8} hours illumination, the 
reaction was faint. This phenomenon can be observed with almost 
any source of light of sufficient intensity and the time required 
is proportional to the light intensity. The effect is first 
brought about in the red orange portion, the region showing 
the best photosynthetic activity. With higher intensity, the shorter 
wave-lengths bring about in shorter time and it is apparently propor- 
tional to the photosynthetic activity of light. Ursprung (loc. cit.) 
has called this phenomenon ‘‘solarisation,’’ as it is analogous 
to the phenomenon of polarisation observed in photographic plates 
under similar circumstances. 

It is expected that not only with starch but with other carbo- 
hydrates, similar effect will be observed. This behaviour has been 
ascribed to the inactivation of chloroplasts. After long exposure to 
intense light, the plant organs are assumed not to function, 
although they are not killed and on keeping in the dark for a period, 
again produce starch normally. 

The inhibiting effect of long exposure to light of high intensity 
on photosynthesis has also been studied by Ewart (Ann. Bot., 1897, 
11, 489; 1898, 12, 379) and the inhibiting effect has been ascribed to 
the destruction of chlorophyll. Pantanelli (Jahrb. Wiss. Bot., 1903, 
29, 167) explains the fatigue effects observed by him in bright 
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light from the view points of chlorophyll destruction and injury to 
the chloropast plasma, The observations of Ewart on allium cepa, 
which does not form starch, indicate that when leaves of this plant 
are exposed to bright light for 14 days or for a shorter period while 
being fed with sugar, the evolution of oxygen finally ceases. This 
inactivation apparently does not injure the cells or chloroplasts. 
After a few days in darkness, the capacity for photosynthesis is 
regained. 

The foregoing facts are explained from the following considera- 
tions. 

In plants the following equilibrium exists : 


nCOg+nH,O === C, Ho, O, +nO0, 


The direct action (photosynthesis) is being opposed by the reverse 
reaction (respiration), which will increase, according to the law of 
mass action, with increase in the concentration of the carbohydrate, 
which is a product of photosynthesis. Consequently with accumu- 
lation of carbohydrates or when the plants are fed with sugar. as was 
done by Ewart, photosynthesis is retarded and may stop altogether 
when the carbohydrate content becomes very high. When the 
illumination is high and it Jasts fora long time, the carbohydrate 
content increases and along with it the respiration also increases, 
and thus the photosynthetic velocity falls off with time even when 
the illumination is continued. After a time, the respiration will 
more than counterbalance photosynthesis and the carbohydrates 
formed by the photosynthesis will be oxidised to carbon dioxide and 
water and will disappear on prolonged exposure. When the carbohy- 
drates disappear, the photosynthesis will again begin. It has been 
known for a long time that the photosynthetic rate decreases with 
accumulation of the products of photosynthesis. Moreover, Sapos- 
chnikoff (Ber. Bot. Ges., 1893, 11, 391) has demonstrated the inhi- 
bitory power of an accumulation of carbohydrates and that these 
cannot increase beyond a certain point. When the leaves of vitis 
vinifera contain 23 to 29% carbohydrates of the dry weight, 
photosynthesis ceases and respiration predominates. Saposchnikoff 
has shown that as carbohydrates accumulate, decrease of photosyn- 
thetic rate takes place, whilst a decrease in the carbohydrate content 
results in an increased photosynthesis. These results are evident 
from the view point of the reversible reactions already put forward. 
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Moreover, there are two other factors, which increase respiration, 
should be considered viz., (i) influence of light intensity on the res- 
piratory process, and (ii) influence of increased temperature caused 
by prolonged light absorption. In several publications, Dhar and 
collaborators (J. Phys. Chem., 1925, 29, 926; 1928, 32, 1268; 1980, 
34, 993) have shown that food materials like starch, sugars, pro- 
teins, fats, etc., in aqueous solutions or suspensions are oxidised to 
carbon dioxide and water by simply passing air at the ordinary 
temperature in presence of sunlight. In absence of light, there 
is no oxidation. In presence of inductors like ferrous hydroxide 
cerous hydroxide, etc., the food materials are oxidised to carbon di- 
oxide and water by air even in absence of light. In presence of 
sunlight, these oxidations are greatly increased. Hence, Dhar and 
collaborators have suggested that on light exposure the metabolism 
in the animal body is increased, because the food materials are oxi- 
dised to a great extent by air due to the absorption of light. It 
seems pretty certain that in plants also the respiration or the oxida- 
tion of carbohydrates and other food materials, which slowly pro- 
ceeds in the dark due to the presence of enzymes and inductors, is 
accelerated on exposure to light. It is well known that several 
plants and flowers run a temperature higher than that of the sur- 
rounding air in the dark due to respiration (cf. Kostycher, ‘‘Plant 
Respiration’’, 1927, p. 12) and these may be roughly compared to 
warm blooded animals. Inthe dark, most plants resemble cold 
blooded animals and they undergo oxidation and the carbohy- 
drates and other food materials are burnt away. In presence of 
strong light, the respiration velocity seems to be increased. More- 
over, when the plant is exposed to strong light for a long time, the 
temperature of the plant is likely to increase and with increased 
temperature, the respiration jvelocity is markedly increased, be- 
cause the influence of temperature seems to be more pronounced 
on respiration than on photosynthesis. Consequently, when a 
plant is exposed to bright light for a long time, respiration more than 
counterbalances photosynthesis due to the increased concentration 
of carbohydrates, increased velocity of respiration by the absorption 
of radiant. energy in the form of light and increase in the tempera- 
ture of the plant by the absorption of light and the conversion of 
the light raysto heat. Under these circumstances, plants may 
behave as animals, as far as metabolism is concerned. 
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Compensation Point. 


The compensation point, i.e,, the light intensity at which the 
photosynthetic and respiratory activities of the plant compensate 
each other decreases with decrease of temperature as will be evident 
from the following table. 


Name. Intensity at 20°. Intensity at 5°. 
Spirogyra 174 26°7 
Fontinalis 150 40 
Cladophora 253°3 62°9 
Cinclidotus 400 15 


The foregoing results show that the light intensity which at 20° 
represented the compensation point produced an evolution of oxygen 
due to photosynthesis at 5° 

With cladophora, with increasing temperature, the compensation 
point rises more rapidly than the rate of respiration determined in 
the dark; an increase of temperature from 5° to 25° causes the 
respiration to become 4°8 times greater in the dark, whilst the light 
intensity increases to 6°69 times. 

The foregoing results as well as other facts on the compensation 
point can be explained from the following considerations: (a) Photo- 
synthesis is proportional to the light intensity, there being no 
photosynthesis in the dark. (b) Respiration takes place in the dark 
but is appreciably accelerated by light. (c) An increase of tempera- 
ture affects respiration more markedly than photosynthesis. 

The fact that the compensation point rises with increase of 
temperature is due to the greater increase of respiratory activity than 
photosynthetic activity with increased temperature. The respiratory 
activity of the plant, which counterbalances the photosynthetic pro- 
cess, increases much more than photosynthesis at higher tempera- 
tures and consequently the light intensity must be increased to 
cause more photosynthesis to counteract the increased respiratory 
activity. There is another reason for further increase in the 
respiratory activity of the plant. Hitherto, it has been assumed by 
most of the plant physiologists that the process of respiration is not 
accelerated by light. But it is evident from the researches of Dhar 
and collaborators that animal metabolism is markedly accelerated 
by light absorption. Hence, it seems pretty certain that the res- 
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piratory process taking place in plants is also accelerated by light. 
Consequently, the respiratory activity of the plant is accelerated by 
two agencies, ¢ g., temperature and light intensity and thus the 
light intensity required for increased photosynthesis in order to 
counteract this high respiratory activity should be very high. Thus 
with increasing temperature, the compensation point should rise more 
rapidly than the rate of respiration because of its additional enhance- 
ment by light absorption and this is clearly borne out from the 
experiments on cladophora in which an increase of temperature from 
5° to 25° causes the respiration to become 4°8 times greater when 
determined in the dark, whilst the light intensity increases 6°69 
times for the compensation point. 

It is evident that under certain circumstances, when the tempera- 
ture is high and the light is intense, the compensation point may 
not be attained even with intense light and the plant will evolve 
carbon dioxide like an animal even in presence of light. This is 
likely to happen frequently in tropical countries where at the sea 
level, the heat rays of the sun become very prominent and the 
temperature of the plant will be high and photosynthesis cannot 
counterbalance respiration under these circumstances. At higher 
altitudes, the light rays are more active than at the sea level 
and it is expected that at these altitudes, very seldom, respiration 
will exceed photosynthesis in sunlight. These conclusions are 
corroborated from the experimental results of Harder (Jahrb. Wiss. 
Bot., 1921, 60,531) with sea plants in the polar zones where the 
light intensity is not very high (vide Harder’s data recorded in p. 544). 
The position of the compensation point of a plant with reference to 
temperature is naturally of great importance to the life of the plants 
and its relation to the environment. 

Harder has reported that conditions may exist in nature where 
at higher temperatures, the plant stores no material through photo- 
synthesis on account of the high respiratory activity. While at lower 
temperatures with the same light intensity, food materials are 
formed in the plant by photosynthesis. 

The experimental observation that compensation point varies with 
different plants is explained on the basis that the respiratory activity 
of the plant and its increment by temperature and light vary with 
different plants. 

Starting with the same culture of cladophora, and keeping one 
portion in diffused light and another in direct sunlight, great differ- 
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ences in the compensation point are observed in a week. With 
sinapis alba, a plant growing in light, the compensation point is 
at 1‘0 (Bunsen units x 100) but a compensation point lying at only 
0°2 is observed with ozalis acetosella,_a shade plant. Previous 
illumination of the plant must be considered before any conclusion is 
drawn from determination of the compensation point, which varies 
considerably with previous illumination of the plant. It has been 
observed that under certain circumstances in fontinalis, photosyn- 
thesis more than counterbalances respiration when the illumination is 
only 10 Lux, whilst under other conditions, 150 Lux is insufficient to 
achieve this. 

Under constant and high illumination, leaves of beach trees 
emit carbon dioxide at 6250 Lux; the sun trees, robina, requires 
25 times more intense light for photosynthesis to exceed respiration 
than the shade tree fagus. 

These experimental observations are explicable by considering 
the temperature of the trees growing in light is higher than that 
of trees growing in the shade. Hence, the respiratory activity of 
plants growing in shade is much less than that growing in light. 
Moreover, the respiration of plants growing in light is also accelerated 
by the light absorption. Consequently the light intensity required 
to cause the increased photosynthesis in order to counteract the 
enhanced respiration due to an increase of temperature and light 
absorption must be very high. 

Moreover, there is another important consideration in the ex- 
planation of the higher compensation point of trees grown in light 
than in the shade. From our experience on the velocity of photo- 
chemical reactions taking place in strong light, it is generally 
observed that the velocity of the photochemical reaction is not 
directly proportional to the light intensity or the absorbed light 
but the velocity varies as" where n is less than unity. On the 
other hand, in presence of feeble light, the velocity varies as J", 


where n is unity or more. Consequently, from the quantitative 


experiments with ordinary photochemical reactions, it is clear that 
in presence of intense light, photochemical reactions utilise less 
amount of absorbed radiation than when the same reactions take 
place in less intense light. This is usually known as ‘‘ exhaustion 
effect.”” It is clear, therefore, that in photosynthesis, the same 
relation is to be expected. This behaviour has been observed by 
Warburg (Z. physikal. Chem., 1922, 102, 246) in his experiments 
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on the efficiency of the photosynthetic process. It has been 
reported by Warburg that when plants are cultivated under 
conditions of high light intensity, they utilise only a small amount 
of the absorbed energy. ~Plants grown under conditions of low 
light intensity can utilise a relatively Jarge proportion of the 
absorbed energy. Hence, the light intensity necessary to obtain 
the requisite velocity of photosynthesis required to counteract res- 
piration in the case of plants growing in light will be greater than that 
required for plants cultivated in the shade. Hence by growing the 
same type of plant under conditions of high and low light intensity, 
one type apparently passes into the other within a short time and its 
photosynthetic efficiency and possibly respiratory activity are altered. 

From the foregoing pages, it is clear that the contention of 
Plaetzer (Verhandlungen Physik-Med. Ges., Wirzburg N. F., 1917, 
45, 31), that the value of the light intensity at the compensation 
point is not a function of the respiratory activity is not correct. 
Plaetzer in his consideration of the compensation point missed the 
important point that the respiratory activity is also accentuated by 
light and that it is more influenced by temperature than photo- 








L synthesis. 
’ From these considerations. one thing comes out very prominently 
that respiration is of vital importance to plants and is more funda- 


mental and important to plant life than photosynthesis, which pre- 
dominates in the plant only under highly restricted conditions of 
temperature and light intensity In other conditions beyond this 
limit, in light as well as in the dark, plant life enjoys respiratory 
activity as much as animal life. Hence it appears that respiratory 
activity controls plant life as animal life. 


SumMMARY. 





1. The Arrhenius relation connecting velocity and temperature of 
a reaction which is applicable to ordinary chemical reactions, is not 
valid in the case of the influence of temperature on photosynthesis 
in plants. The non-applicability of the Arrhenius relation to photo- 
-ynthesis and many other phenomena in plant life can be explained 
from the following considerations : 

(a) It appears that in plant life, the following opposing reactions 
are taking place, 


nCO,+nH,O =— nC, He, 0, +n0g. 
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The direct action (photosynthesis) is being opposed by the reverse 
reaction (respiration) which increases according to the law of mass 
action with increase in the concentration of carbohydrates formed 
from photosynthesis. 

(b) There is reason to believe that the velocity of respiration in 
plants is appreciably accelerated by light. 

(c) The influence of temperature on respiration appears to be 
greater than that on photosynthesis. 

2. The greater influence of temperature on photosynthesis in 
presence of strong light than that in weak light can be explained from 
the foregoing considerations. Hence, it is needless to assume that 
there are two reactions involved in photosynthesis. 

3. The observations of Willstiitter and Stoll that leaves of low 
chlorophyll content show a lower acceleration of photosynthesis with 
increase in temperature than the leaves of high chlorophyll content, 
have also been explained from the same point of view. 

4. The experiments of Willstitter and Stoll showing that in 
chloropbyll-rich leaves an inerease of light intensity does not affect 
photosynthesis have been explained from the view point of ‘‘exhaus- 
tion effect ’’ as observed in ordinary photochemical reactior s. 

5. That oxygen is essential for photosynthesis appears to be due 
to the fact that plant life depends on oxygen respiration and the acti- 
vity of the plant and along with it its photosynthetic power depend 
on its respiratory activity. 

6. The photosynthetic activity is exceedingly high in young leaves 
and is not proportional to the chlorophyll content. This is because 
that the respiratory activity of young le»ves is very high. In 
plant life, as well as in animal life, metabolism decreases with age. 

7. In plant life in the absence of iron compounds, respiration 
and photosynthesis become defective as in chlorotic plants, 
because iron compounds accelerate respiration. 

8. It appears that the factor which really controls plant life is 
its respiratory or metabolic activity. 

9. In the animal world, the length of life depends inversely as 
the rate of living. The duration of the catalytic activity of an 
active catalyst appears to be short. These considerations are appli- 
cable to plant life as well. In leaves poor in chlorophyll, the time 
factor appears more slowly than in chlorophyll-rich leaves. In other 
words, the activity of chlorophyli-rich leaves would last for a shor- 
ter period than that of chlorophyll-poor leaves. 
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10. The phenomenon of ‘‘solarisation’’, that is, the disappearance 
of carbohydrates formed from photosynthesis, after prolonged illumi- 
nation appears to be due to respiration, that is, theif oxidation by 
oxygen in presence of light. The respiration, that is, the oxidation 
of carbohydrates is also increased by increase of temperature caused 
by light absorption. 

11. The compensation point, that is, the light intensity at 
which the photosynthetic and respiratory activity of plants compen- 
sate each other, decreases with decrease of temperature. A certain 
light intensity which at 20° represents the compensation point, causes 
an evolution of oxygen due to photosynthesis at 5°. In nature, under 
certain conditions and at high temperatures, the plant cannot store 
any material due to photosynthesis on account of high respiratory 
activity, whilst at low temperatures, the same light intensity, food 
materials are formed by photosynthesis. The above results have 
been explained from the following considerations. (i) Photosynthesis 
is proportional to the light intensity, there being no photosynthesis 
in dark. (ii) Respiration takes place in the dark but is appreciably 
accelerated by light. (iii) An increase in temperature affects respira- 
tion more markedly than photosynthesis. 

12. Respiration appears to be the more fundamental reaction in 
plant and is more important to plant life than photosynthesis, which 
predominates in plants only under restricted conditions of tempera- 
ture and light intensity. 
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The Directive Effect of Substituents on the Cyclisation 
of Substituted s-Diarylthiocarbamides. Part III. 
The Effect of the Carbethoxy Group on the 
Formation of Anilinobenzthiazoles 
from p-Carbethoxy-s-Dipheny]- 
thiocarbamides and Bromine. 


By Monammap Omar Faroog AND Ropert Fercus Hunter. 


It has been shown in the course of earlier investigations that 
the nitro and cyano groups in p-substituted-s-dipheny]thiocarbamides 
do not direct thiazole cyclisation by bromine in the sense opposite 
to that of o:p-directive substituents, but give rise to anilinobenz- 
thiazole derivatives in which the meta-directive substituent appears 
in the l-arylamino grouping (Hunter and Jones, J. Chem. Soc., 1980, 
2190; Hunter, J. Indian Chem. Soc., 1932, 9, 486). The meta- 
directive properties of these two groups have been attributed to the 
presence of the semipolar double bond in the former, the positive 
end of which tends to attract electrons from all parts of the molecule, 
and to the tendency of the system of the six electrons which are 
mutually shared between two atomic nuclei in the latter to attract 
additional electrons in order to obtain a more stable association of 
eight or ten electrons (Baker, Cooper and Ingold, J. Chem. Soc., 
1928, 426). It, therefore, appeared of interest to examine the effect 
of the carbethoxy group whose meta-directive tendencies are ascribed 
to the ‘electron sink’’ properties of the carbonyl group (Allan, 
Oxford, Robinson and Smith, J. Chem. Soc., 1926, 401) on the 
thiazole cyclisation of p-substituted-s-diphenylthiocarbamides. 

As might be anticipated, p-carbethoxy-s-diphenylthiocarbamide 
(I, R=H) gave rise on treatment with bromine under moderately 
vigorous conditions to ethyl 1-anilinobenzthiazole-4’-carboxylate 
(II, R=H), whose constitution was established by synthesis from 
1-chlorobenzthiazole and ethyl p-aminobenzoate. On _ prolonged 
bromination in the presence of excess of the halogen, however, 
nuclear substitution occurred with the production of ethyl 5-bromo- 
1-anilinobenzthiazole-4’.carboxylate (II, R=Br), whose orientation 








564 M. O. FAROOQ AND R. F. HUNTER 


follows from its synthesis from 1-chloro-5-bromobenzthiazole and 
ethyl p-aminobenzoate. Curiously enough, although we were able to 
show the formation of ethy! 5-bromo-1-anilinobenzthiazole-4'-carboxy- 
late in the reaction between 8-p-carbethoxypheny|-p-bromopheny]l- 
thiocarbamide (I, R=Br) and bromine, it was not found possible to 
isolate the base in a condition of purity in this reaction. 
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s-p-Carbethoxyphenyl-p-tolylthiocarbamide (I, R=Me) behaved 
similarly and yielded ethy] 1-anilino-5-methylbenzthiazole-4’-carboxy- 
late (II, R=Me), identical with that obtained from 1-chloro-5-methyl- 
benzthiazole and ethy! p-aminobenzoate. 

Difficulties similar to those encountered in the synthesis of 
ethy] 5-bromo-1l-anilinobenzthiazole-4/-carboxylate from  8-p-carbe- 
thoxypheny!-p-bromophenylthiocarbamide were also experienced in 
connexion with the bromination of 8-p-carbethoxyphenyl-p-chloro- 
phenylthiocarbamide, which gave rise to specimens of ethyl 5-chloro- 
1-anilinobenzthiazole-4’-carboxylate (II, R=Cl) which could not be 
completely purified by recrystallisation. The 5-chloro-1-anilinobenz- 
thiazole was, however, obtained in a*satisfactory condition of purity 
from the condensation of ethyl p-aminobenzoate with 1 :5-dichloro- 
benzthiazole (III), which was synthesised from 5-chloro-1-amino- 
benzthiazole by means of the Sandmeyer reaction (cf. Hunter and 
Jones, loc. cit.). 

It is, therefore, evident that the effect of the carbethoxy group 
falls well into line with that of the other meta-directive substituents 
previously examined, and particular interest therefore attaches itself 
to the bromination of 8-p-carbethoxypheny]-p-nitrophenylthiocarba- 
mide, in which the inhibitory effects of the two meta-directing groups 
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ral am > VND 
are in opposition : Et0-CO—K ose-cs NHK = No,. 


This thiocarbanilide might clearly give rise either to ethyl 5-nitro- 
1-anilinobenzthiazole 4/-carboxylate (II, R=NOg), or to ethyl 
4'-nitro-l-anilinobenzthiazole-5-carboxylate (IV), according to the 
thiazole cyclisation by bromine. The former base was readily 
syhthesised from ethyl p-aminobenzoate and 5-nitro-1-chlorobenz- 
thiazole (V), obtained by direct nitration of 1-chlorobenzthiazole 
(Hofmann, Ber., 1880, 13, 11), which was orientated by its conver- 
sion by ammonia into 5-nitro-l-aminobenzthiazole (VI), whose 
formula has been established by rational synthesis from p nitropheny!- 
thiocarbamide and bromine (Hunter and Jones, /oc. cit.). 

An attempt to synthesise 5-nitro-1-chlorobenzthiazole from p-nitro- 
phenylthiocarbimide and phosphorus pentachloride (cf. Hofmann, 
loc. cit.). proved unsuccessful, the reaction being accompanied by 
considerable decomposition and charring. 

Bromination of 8-p-carbethoxyphenyl!-p-nitrophenylthiocarbamide 
gave rise to a base isomeric with ethyl 5-nitro-1-anilinobenzthiazole- 
4’-carboxylate, which is evidently the 4’-nitro derivative (IV). 


‘>= CO,Et/\/S 
| 
Ve, | oe. NH CD80. 
(III) (IV) 
“tT per! oa a OL Lm NH, 
VAAN 
(V) (VI) 


The effect of the positive pole in the nitro group, therefore, out- 
weighs the ‘‘electron sink’’ capacity of the carbonyl group in 8-p-car- 
bethoxyphenyl-p-nitrophenylthiocarbamide, thiazole cyclisation taking 
place in this case on the nucleus which carries the meta-directive 
carbethoxy! group. 


EXPERIMENTAL. 


p-Carbethoxyphenylthiocarbimide (Hunter and Parken, J. Indian 
Chem, Soc., 1982, 9, 869) is best purified by recrystallisation from 
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petroleum-benzene in which the di-p-carbethoxyphenylthiocarbamide, 
formed as a by-product, is nearly insoluble. 

p-Carbethoxy-s-diphenylthiocarbamide (I, R=H), prepared by the 
condensation of the carbethoxyphenylthiocarbimide (2°1 g.) and 
aniline (1 c¢.c.) in alcohol or in* benzene, crystallised in soft silky 
flakes, m p. 129-30°. (Found: S, 11°0. C,gH,,g0,N.8 requires §, 
10°7 per cent). 

Ethyl 1-anilinobenzthiazole-4'-carboxylate (II, R=H). (i) Synthe- 
sis from  1l-chlorobenzthiazole and _ ethyl p-aminobenzoate.—A 
mixture of 1-chlorobenzthiazole (1 g.) and ethyl p-aminobenzoate 
(1 g.) was gently heated in an open Pyrex boiling tube over a small 
luminous flame unti) a violent reaction occurred and the product 
was basified with ammonia. On crystallisation from alcohol-ethy! 
acetate, ethyl 1-anilinobenzthiazole-4'-carborylate was obtained in 
small crystals, m.p. 182-83°. (Found: S, 10°9. C,,H,,4O2gN2S 
requires S, 10°7 per cent). 

(ii) The action of bromine on _ p-carbethoxry-s-diphenylthio- 
carbamide.—The thiocarbamide (0°7 g.) in chloroform (10 c.c.) 
was treated with bromine (0°8c.c. in 1 c.c. of chloroform) and 
the mixture was heated on a steam-bath under reflux for 20 
to 25 minutes. The evolution of hydrogen bromide commenced after 
the first two minutes, heating continued vigorously for a further 
five minutes, and then gradually abated. On cooling, a red hydro- 
perbromide crystallised, which was collected on porous earthenware, 
dried in a vacuum and added to saturated sulphurous acid (100 c.c.). 
The suspension was treated with sulphur dioxide and _ the 
mixture was kept overnight to ensure complete reduction. On basi- 
fication with ammonia and recrystallisation from alcohol ethy) 1- 
anilinobenzthiazole-4’-carboxylate was obtained, m. p. 175-76° alone 
and m.p. 180-83° when mixed with the specimen obtained from 1-chlo- 
robenzthiazole and ethyl p-aminobenzoate. 

Ethyl 65-bromo-1-anilinobenzthiazole-4/-carborylate (II, R=Br). 
(i) Synthesis from 1-chloro-5-bromobenzthiazole and ethyl p-amino- 
benzoate.—1-Chloro-5-bromobenzthiazole which was originally prepared 
by Dyson, Hunter and Soyka (J. Chem. Soc., 1929, 458) in 2% 
yield from p-bromophenylthiocarbimide and phosphorus pentachloride 
is much more conveniently prepared in quantity from phenylthio- 
carbamide by means of the following steps: 1-Aminobenzthiazole 
—> 5-bromo-l-aminobenzthiazole —» 1-chloro-5-bromobenzthiazole. 
The aminobenzthiazole (20 g.) was dissolved in warm chloroform 
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(130 c.c.) and the solution was cooled in ice and _ stirred 
during the addition of bromine (9 c.c. in 10c.c. of chloroform). 
The precipitate was collected, dried on porous earthenware in 
a vacuum, added to saturated sulphurous acid, and _ sulphur 
dioxide was passed through the mixture until decolorisation was 
complete. On basification and _ recrystallisation from alcohol, 
5-bromo-l-aminobenzthiazole was obtained, m. p. 208-10° which is 
quite pure enough for the next stage, yield 80-90%. 5-Rromo-l-ami- 
nobenzthiazole (25 g.) was treated with 110 c.c. of hydrochloric acid 
(5—6 %), and the mixture was cooled to 0° and diazotised 
with sodium nitrite (12°56 g. in 30 c. c. of water). Concentrated 
hydrochloric acid (200 c.c.) was then added, and the mixture was 
boiled for 5 minutes and the 1-chloro-5-bromobenzthiazole isolated 
by distillation in steam. After recrystallisation from alcohol, the 
chlorothiazole had m. p. 101-102°, yield 7—8g. Dyson, Hunter, 
and Soyka recorded the m. p. of 1-chloro-5-bromobenzthiazole, pre- 
pared from p-bromophenylthiocarbimide and phosphorus pentachlo- 
ride as 89°. An intimate mixture of 1-chloro-5-bromobenzthiazole 
(0°55 g.) and ethyl p-aminobenzoate (05 g.) was heated until conden- 
sation took place and the product was basified with ammonia and 
kept overnight. On recrystallisation from alcohol-ethy! acetate, 
ethyl 5-bromo-1-anilinobenzthiazole-4'-carbozylate was obtained in 
small crystals, m. p. 227-28°. (Found: Br, 21°1. C1gH,,0,N,BrS 
requires Br, 21°2 per cent). 

(ii) Prolonged bromination of p-carbethoxy-s-diphenylthiocarba- 
mide.—Bromine (1 c.c. in1c.c. of chloroform) was added to the 
carbethoxydiphenylthiocarbamide (0°5 g.in 10c.c. of the same 
solvent) and the mixture was heated under reflux on a steam-bath 
for an hour. The bromo-addition compound was reduced in the 
usual way and the product recrystallised from methy! alcohol, 
when etby! 5-bromo-1-anilinobenzthiazole-4/-carboxylate was obtained 
which had m.p. 226°, and m.p. 226-28° when mixed with the spe- 
cimen obtained from 1-chloro-5-bromobenzthiazole and ethy! p-ami- 
nobenzoate. 

(iii) The action of bromine on s-p-carbethoryphenyl-p-bromo- 
phenylthiocarbamide. — s-p-Carbethoryphenyl-p-bromophenylthiocar- 
bamide was prepared by mixing solutions of p-bromoaniline in ben- 
zene (1'7 g. in 8c.c.). and p-carbethoxyphenylthiocarbimide in 
benzene (2°1 g. in 10 c.c.), and concentrating the resulting solution on 
a steam-bath. The thiocarbamide was washed with petroleum-benzene 
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and thereafter recrystallised from benzene, from which it sepa- 
rated in glistening plates, m.p. 158-59°, yield 18g. (Found: 
8, 8°7. C}gH,;0,N, BrS requires S, 8°4 percent). A solution of 
the carbethoxyphenylbromophenylthiocarbamide (0°5 g.) in chloro- 
form (10 c. c.) was treated with bromine (lc. c. in! c. c. of chloro- 
form) and the mixture was heated under reflux for 4 hour, cooled, 
and the bromo-addition compound was dried in a vacuum and redu- 
ced with sulphurous acid in the usual way. On recrystallisation 
from alcohol, ethyl 5-bromo-1-anilinobenzthiazole-4/-carboxylate, 
was obtained, m.p. 188-90° mixed m.p. with an authentic speci- 
men being 190-92°. Several experiments were carried out in which 
both the quantity of chloroform used as solvent for bromination, and 
the time of heating was varied, but in no case was a product of 
melting point higher than 192-93° isolated. Attempts to raise the 
melting points of such products by varying the solvents used for 
recrystallisation proved equally fruitless. 

Ethyl 1-anilino-5-methylbenzthiazole-4'-carborylate (II, R=Me). 
(i) 1-Chloro-5-methylbenzthiazole was conveniently prepared from 
l-amino-5-methylbenzthiazole by means of the Sandmeyer reaction 
(- unter and Jones, loc. cit.), and crystallised from alcohol in glis- 
tening needles, m. p. 49-50°. Ethyl-l-anilino-5-methylbenzthia- 
zole-4/-carboxylate, prepared by condensing equimolecular proportions 
of 1-chloro-5-methylbenzthiazole and ethyl p-aminobenzoate under 
the usual conditions, separated from alcohol—ethy! acetate in small 
crystals, m. p. 206-207°. (Found: 8, 10°6. C,;H;,0,N,S8 requires 
8, 10°3 per cent). 

(ii) The action of bromine on p-carbethoryphenyl-p-tolylthio- 
carbamide.--p-Carbethoxypheny]-p-tolylthiocarbamide was prepared by 
the condensation of equimolecular proportions of p-carbethoxypheny]- 
thiocarbamide and p-toluidine in benzene solution, washed with petro- 
leum-benzene and recrystallised from boiling benzene. It formed 
glistening plates, m. p. 160-61°. (Found: 8, 10°2. C,,H,,0,N.8 
requires S, 10°2 per cent). The carbethoxyphenyltolylthiocarbamide 
(0°5 g.) in chloroform (10 c.c.) was treated with bromine (0°6 c.c. in 
1 c.c. of chloroform) and the mixture was heated under reflux for 15 
minutes. The evolution of hydrogen bromide which was copious 
after the first two minutes’ heating abated after 10 minutes. The 
solution was cooled in ice and the red crystalline hydroperbromide 
was dried in a vacuum and reduced in the usual way by suvlphurous 
acid and sulphur dioxide. On basification and recrystallisation from 
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alcohol-ethyl acetate, ethyl 1-anilino-5-methylbenzthiazole-4/-carboxy- 
late was obtained which had m.p. 206°, and m.p. 206-207° when 
mixed with the specimen prepared from 1-chloro-5-methylbenzthia- 
zole and ethy] p-aminobenzoate. 

Ethyl 5-chloro-1-anilinobenzthiazole-4’-carborylate (II, R=C\). 
(i) Synthesis from 1:5 dichlorobenzthiazole and ethyl p-aminobenzo- 
ate. 1:5—Dichlorobenzthiazole.—6'2 G. of 5-chloro-1-aminobenzthia- 
zole (Dyson, Hunter and Morris, J. Chem. Soc., 1927, 1186) were 
treated with hydrochloric acid as in the case of the 5-bromo derivative, 
and diazotised with sodium nitrite (8°1 g.) at 0° and the diazonium 
salt was treated with concentrated hydrochloric acid and the mixture 
was boiled. The dichlorobensthiazole, isolated by steam distillation, 
crystallised from alcohol in needles, m.p. 101°, yield 2°3 g. 
(Found: Cl, 85°1. C,H,NClI,S requires Cl, 34°8 percent). Ethyl 
5-chloro-1-anilinobenzthiazole-4/-carbozylate, prepared from the con- 
densation of an equimolecular mixture of 1 :5-dichlorobenzthiazole 
and ethyl p-aminobenzoate had m.p. 226°. (Found: Cl, 10%; 
C,¢H;3,0gN CIS requires Cl, 10°7 per cent). 

(ii) The action of bromine on s8-p-carbethoryphenyl-p-chloro- 
phenylthiocarbamide. 8-p-Carbethoxyphenyl-p-chlor: phenylthiocarba- 
mide, prepared by condensation of p-carbethoxyphenylthiocarbimide 
(2°1 g.) and p-chloroaniline (1°2 g.) in benzene, separated from a com- 
paratively large volume of benzene in plates, m.p. 159-60°, yield 
18g. (Found: 8, 9°7. C,gH,,0,N,CIS requires S, 9°6 per cent). 
The carbethoxyphenylchlorophenylthiocarbamide (0°5 g.) in chloro- 
form (10 c.c.) was treated with bromine (1 c.c. in 1 c.c. of chloroform) 
and the mixture was heated under reflux for 4 hour. The hydro- 
perbromide was dried in a vacuum and reduced with sulphurous acid 
and sulphur dioxide in the usual way. On basification and recrystal- 
lisation from alcohol, ethyl 5-chloro-1-anilinobenzthiazole-4/-carb- 
oxylate was obtained which had m.p. 178° and m.p. 179-201° when 
mixed with the specimen prepared from the dichlorobenzthiazole 
and ethyl p-aminobenzoate. In a similar experiment in which the 
carbethoxyphenylchlorophenylthiocarbamide (0°45 g.) in chloroform 
(10 c.c.) was treated with bromine (0°9 c.c. in 1 c.c. of chloroform), 
and heating under reflux was continued for 43 to 45 minutes, a 
bromo-addition compound was obtained which on reduction and re- 
crystallisation of the resulting anilinobenzthiazole gave acrop of 
crystals which had m.p. 183° and m.p. 190-201° when mixed with a 
genuine specimen. All attempts to purify this product by further 
fractional crystallisation, however, proved unsuccessful. 


14 
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Synthesis of ethyl 5-nitro-1-anilinobenzthiazole-4'-carborylate (II, 
R=NO,). (i) Nitration of 1-chlorobensthiazole and the orientation 
of 5-nitro-1-chlorobenzthiazole by its conversion into 5-nitro-1-amino- 
benzthiazole.—Chlorobenzthiazole (prepared by the Sandmeyer 
method from 1-aminobenzthiazole) was gradually added drop by drop 
with stirring to fuming nitric acid (d 1°5, 10 vols.) cooled in a freez- 
ing mixture. The solution was kept for a short time and then poured 
into a large volume of water and the precipitated nitroch'orobenz- 
thiazole was collected and recrystallised from ethyl acetate, from 
which it separated in yellow needles, m.p. 190° (cf. Hofmann, loc. 
cit.). The nitrochlorobenzthiazole (0°2 g.) was heated with ammonia 
(d 0°880, 2°5 c.c.) in a sealed tube at 150-160° for 6 to 7 hours and the 
product was collected and recrystallised from alcohol, when 5-nitro-1- 
aminobenzthiazole was obtained which had m.p. 242-43° alone and 
when mixed with an authentic specimen prepared in an earlier in- 
vestigation (Hunter and Jones, loc. cit.). The identity was further 
confirmed by conversion of the 5-nitro-l-aminobenzthiazole into its 
pale yellow acetyl derivative by means of acetic anhydride, which had 
m.p. 292° alone and when mixed with an authentic specimen. (ii) Syn- 
thesis of ethyl 5-nitro-1-anilinobenzthiazole-4'-carborylate from 5- 
nitro-1-chlorobenzthiazole and ethyl p-aminobenazoate.—A mixture of 
the nitrochlorobenzthiazole (1 mol.) and ethyl p-aminobenzoate-(1 
mol.) was gently heated in a boiling tube over a naked flame until a 
violent reaction took place. The product was treated with dilute 
ammonia and recrystallised from alcohol, when ethyl 5-nitro-1- 
anilinobenzthiazole-4/-carboxylate was obtained in small yellow plates, 
m.p. 242-48°. (Found: 8, 9°5. C,;H,;0,N;8 requires 8S, 9°2 
per cent). 

The action of bromine on s-p-carbethoxyphenyl-p-nitrophenylthio- 
carbamide, and the isolation of ethyl 4!-nitre-1-anilinobenzthiazole- 
5-carboxylate. s-p-Carbethoryphenyl-p-nitrophenylthiocarbamide.—A 
solution of p-nitroaniline (1°7 g.) in alcohol (10 c.c.) was added to a 
solution of p-carbethoxyphenylthiocarbimide in the same solvent (2 g. 
in 10 c.c.) and the mixture was concentrated on a steam-bath. On 
recrystallisation from alcohol, the carbethoxyphenylnitrophenylthio- 
carbamide was obtained in orange crystals, m.p. 154-55°, yield, 1°2g. 
(Found: 8S, 89. C,,;H,;0,N;8 requires S, 9°2 per cent). In 
a similar experiment in which benzene was used as a medium of 
condensation in place of alcohol, this yield was raised to 1°8 g. 

The nitrophenylthiocarbamide (0°5 g.) in chloroform (12 ¢.c.) was 
treated with bromine (1 c.c. in 1 c.c. of the same solvent) and the 
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mi xture was heated on a steam-bath under reflux for 55 minutes. 
The bromo-a¢dition compound was dried in a vacuum and reduced by 
sulphurous acid. On basification with ammonia (d 0°880) and recrys- 
tallisation from alcohol, ethy] 4’-nitro-1-anilinobenzthiazole-4/-carboxy- 
late was obtained in yellow crystals of a slightly deeper shade of 
colour than the isomeric ethy! 5-nitro-1-anilinobenzthiazole-4/-carboxy- 
late, m.p. 241-48°. (Found: 8, 95. C,;H,,0,N,8 requires 8S, 
9°2 per cent). The appearance of the two nitroanilinobenzthiazoles 
was quite distinct and a mixture of the two bases melted at 218°. 

The interaction of p-nitrophenylthiocarbimide and phosphorus 
pen tachloride.—An intimate mixture (3 g.) of p-nitrophenylthiocarbi- 
mide (Dyson and George, J. Chem. Soc., 1924, 125, 1702) and phos- 
phorus penvachloride (8°5 g.) was heated in a sealed tube at 150-160° 
for 6 hours. The dark brown oily liquid was gradually added to 
water to decompose phosphorus halides and the mixture was extract- 
ed with chloroform. After removal] of the chloroform on a steam-bath 
and recrystallisation from alcohol, a yellow-brown crystalline subs- 
tance was obtained, m.p. 180°. This product, however, did not 
possess any of the properties of 5-nitro-1-chlorobenzthiazole and 
admixture with a specimen of the nitro derivative obtained from 1- 
chlorobenzthiazole caused a depression in melting point of 40 to 50°. 


Received April 27, 1933. 
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A Simple Method for the Determination of 
Cholesterol in Blood. 


By HIrRENDRANATH BaNERdI. 


Quite recently much importance has been attested to the changes 
in the cholesterol content of blood in lipoid nephrosis, diabetes and 
chronic obstructive jaundice, especially in relation to carbohydrate 
metabolism. For the estimation of cholesterol in blood common 
methods used are those of Bloor (J. Biol. Chem., 1916, 24, 227), 
Meyers and Wardell (ibid., 1918, 36, 147) and Leiboff (J. Lab. 
Clin. Med., 1930, 16, 776). 

The method of Bloor and that of Meyers and Wardell 
require 1 ¢.c. of blood which can not be obtained without veni-punc- 
ture. In the technique of Meyers and Wardell for the determination 
of cholesterol, a loss of cholesterol occurs in the processes of breaking 
small lumps of plaster of Paris with glass rod, transference of the 
same from the porcelain crucible to an extraction thimble and remo- 
val of extraction flask to measuring vessel. 

In Leiboff’s method the apparatus used cap not be easily 
improvised in a laboratory «nd moreover, the apparatus is cumbrous 
and costl y. 


























574 H. N. BANERJI 


Apparatus.—The extraction apparatus used in this method is repre- 
sented in Fig 1. It consists of a test tube (25 x 150 mm.), the lower end 
of which is drawn out to form a bulb of about 4 c.c. capacity with a 5 
c.c. calibration mark etched on the neck of the bulb (Fig. 2). A 
condenser consisting of a test tube (1° x120 mm.) fitted with a 
two hole stopper, through one of which is passed a long glass tube 
reaching to the bottom of the test tube while through the other a 
short glass tube is fitted. The closed rounded end of ths test tube is 
drawn out into a tapering one as in Fig. 3 for the quick dropping 
of the condensed vapour. This condenser is held in place, on top 
of the extraction tube (Fig. 2) by a rubber stopper. The long 
glass tube is connected next with a water tap for flow of water. 


Method.—Oxalated blood (0°25 c. c.) is drained out from a pipette 
ona fat-free porous filter paper (Whatman filter paper no. 40 
treated with alcohol and acetone) in the form of a rectangle 
(15x80 mm.) roughly. It is hung up in an incubator at 37° and 
dried. The portion of the filter paper containing the blood is cut into 
8 or 10 pieces, untouched by hand, and placed carefully one above 
the other in the dry extraction tube. The pieces should be such that 
they do not pass through the narrow stem of the extraction tube. 
About 3 c.c. of redistilled chloroform are introduced into the tube. 
The condenser is then placed in and extraction carried on for 2 hours 
over a plate heated by a micro-burner or an electric hot plate, cold 
water being allowed to flow through the condenser during the period. 
The chloroform extract is cooled. At the end of the process the 
extraction tube is detached from the condenser. Filter paper pieces 
are then taken out by means of a long glass rod, bent at one end. 
Volume is made upto 5 c.c. mark with chloroform. In a test 
tube 5 c.c. of a 8 mg. % solution of cholesterol in redistilled 
chloroform are taken, acetic anhydrde (2 c. c.) and pure concentrated 
sulphuric acid (0'l c. c.) are added to the contents of each tube. 
The tubes are then fitted with rubber stoppers and gently tilted and 
rotated o get uniform mixing of the contents. Then they are 
allowed to stand for 15 minutes in a large beaker containing water 
in the light by which the colour is to be matched. The readings are 
then taken by colorimeter. 


; =mg. of cholesterol in 100 c.c of 


100 
R 0°25 
blood, where S=reading of standard and R=reading of the unknown. 


Calculation.— 5 x0°4x 
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The unknown is set at 16 mm. and the result is given by 10 
times the reading of the standard. 

A series of parallel determinations of cholesterol in blood was 
carried out by the method of Meyers and Wardell (loc. cit.) and by 
the author’s technique. The results are given in Table I with 
additional parallel determination of a known amount of cholesterol in 
Table II. The difference is as high as 13°8 mg. and as low as 
77 mg. per 100 c.c. (Table Il). Results are expressed in mg. per 
100 ¢.c. of blood. 


TABLE I. 
Sample—whole blood. 


Meyers and Author's. Dif. Meyers and Author's. 
Wardell’s. Wardell’s. 


158 1 164°0 +5°9 156°3 176°8 
152°0 176°1 +24°1 152°0 174°7 
156°3 178'1 +21°8 170°8 177°5 
160°2 154°9 —5°3 168°0 178°3 
153°0 168°8 +15°8 146°2 170°1 
158°0 176°0 + 80 192°0 199°7 
180°1 181°5 + 14 186°2 188°4 
182°5 174°2 


TABLE II. 


Standard cholesterol solution used. 
Difference 
en we. a 
‘heoretical. Meyers and Author's. Meyers and Author's 
Wardell’s. Wardell’s. 





95°0 79°8 94°7 10°2 0°38 
112°3 118°9 77 1'l 
141°4 149°8 8°6 0°2 
146°2 160°0 13°8 0°0 
169°1 179°7 : 0°3 


191°5 199°8 0°2 
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SuMMARY. 


1. A method hes been described which is much simpler than 
that of Leiboff and more accurate than that of Meyers and Wardell. 

2. Apparatus is very simple and can be easily improved in any 
laboratory. 

3. It requires small amount of blood. 

4. ‘The loss due to transference has been completely avoided. 

5. A number of estimations can be carried out simultaneously by 
connecting the condensers in series. 

6. Remarkable economy in the use of reagents has been effected. 


I am extremely grateful to Dr. R. K. Pal, M. B., D. 8ce., 


M.R.C.P., Professor of Physiology, Prince of Wales Medical 
College, Patna, for guidance and direction. 


DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY, Received September 5, 1938. 
P.W. Mepicat CoLLecr, Patna. 














Constitution of the Colouring Matter of Lawsonia 
Alba Lam., or Indian Mehedi. 


By JacaraJ Benari Lat AND SIKHIBHUSHAN Dutt, 


Lawsonia alba (N. O. Lythraceae) or Mehedi as it is known in 
Bengali and Hindi and Henna in English is an ornamental garden 
shrub or hedge plant of purely Indian origin, but which has for some 
time been cultivated in Persia, Arabia, Mesopotamia, Egypt, Nor- 
thern Africa and Southern Europe for the sake of the colouring 
matter contained in the leaves, which is very much prized in these 
countries as a dye for the hair, fingers and nails. From the point 
of view of Indian medicine, practically every part of the plant has 
found some application or other, and is used all over the country in 
disorders of the liver and spleen, urinary calculi, leprosy and other 
obstinate types of skin diseases. 

But probably the most important constituent of the plant is the 
eolouring matter contained in the leaves, which can be easily extrac- 
ted by maceration with water or dilute alkali. Inthe state of these 
solutions the colouring matter has a most powerful affinity for the 
skin and hair and dyes an exceedingly fast shade. 

There is absolutely no record of any work done on the constitu- 
tion of the active principle of Indian lawsonia, although as early as 
1868, Herraory (Journal de Pharmacy, 1863, Jan.) working on the 
European variety, isolated from it a tannin, which he named henno- 
tannic acid. It was a brown resin answering in all its chemical pro- 
perties to ordinary tannin. Later on Thomson (Arch. Pharm., 1878, 
21, 2, 483) showed that the colouring matter obtained in this way was 
soluble in glycerin, in ammonia, in solutions of soda and potash and 
in dilute acids. More recently Tommasi (Gazzetta, 1920, 60, 263) 
working on the European variety of Lawsonia isolated from it a crys- 
talline colouring matter melting at 192-95° (decomp.), which he 
named Lawsone on account of its ketonic nature and which he found 
to possess the formula C,,H,Os. He also prepared the calcium salt, 
the acetyl derivative and the reduced acetyl derivative of the colour- 
ing matter. 

The above represents the work that has been done on the Euro- 
pean variety of Lawsonia, the Indian variety of the plant having 
remained practically untouched up to this time. On account of the 
great importance of the plant from the Indian medical point of view, 
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it was thought advisable by the present authors to take it under 
examination. 

The colouring matter was prepared from the fresh leaves in a 
perfectly pure condition by an elaborate process including several 
erystallisations from benzene and acetone. It was thereby obtained 
in cauliflower like clusters of needles with a dark mehogany colour 
and metallic reflex, which when crushed in a mortar became 
reduced to a lemon yellow powder. It melted sharp at 190° 
(decomp.) and the melting point did not rise even on repeated 
erystallisations from various solvents. Analytical data and 
a number of molecular weight determinations established the 
molecular formula as C;,H,O3, and the preparation of monoacetyl 
and monobenzoy! derivatives, mono- and dioximes, phenylhydrazone, 
etc., showed that the substance contains phenolic hydroxy and two 
ketonic groups. These, together with the fact that on distillation 
with zinc dust it became practically quantitatively converted into 
naphthalene and that it possesses a persistent quinone like odour 
reminding of a-naphthoquinone, the conclusion was almost irresistible 
that it must be a hydroxy-a-naphthoquinone. The position of the 
hydroxy group must be in the same nucleus which contains the 
quinone grouping, since on oxidation with potassium permanganate 
it gave rise to only phthalic acid and nothing else. Hence the only 
possible constitution of the colouring matter, which has also been 
named lawsone by the present authors, is that it must be 2-hydroxy- 
a-naphthoquinone. And this has been confirmed by a direct com- 
parison of lawsone and its derivatives with synthetically prepared 2- 
hydroxy-a-naphthoquinone and the corresponding derivatives pre- 
pared from the same substance as the following table will show: 


Prepared from the plant. M.p. Synthetically prepared. M.p. Mixed m.p. 
Lawsone 190° 2-Hydroxy-a-N* 190° 190° 
Acetyllawsone 128-29° 2-Acetoxy-a-N 128-30° 129° 
Anilinolawsone 190° 2-Anilino-a-N 190° 190° 
Triacetyldihydro- 1 :2 :4-Triacetoxy- 

lawsone 134°5° naphthalene 134°5° 134° 
Lawsone Benzeneazo- 

phenylhydrazone 229° naphthresorcin 229° 229° 
Lawsone mono-oxime 180° 2-Hydroxy-a-N-oxime 180° 180° 
Monobromolawsone 198° 2-Hydroxy-3-bromo-a-N- 198°5° 198° 
Lawsone ethylether 126-27° 2Hydroxy-a-N-ethylether 126° 126° 


* N=naphthoquinone, 
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By a glance at the above table and comparing it with the work 
done by Tommasi (loc. cit.) it becomes quite evident that the com- 
pound he obtained from European Lawsonia was in all probability 
identical with the lawsone obtained by the present authors from 
Indian Lawsonia in spite of small difference in the melting point as 
reported by him. In other words the Indian and the European varie- 
ties of Lawsonia probably contain the same colouring matter law- 
sone, which is identical with 2-hydroxy-a-naphthoquinone. 


EXPERIMENTAL, 


Isolation of lawsone.—Five kilos of the fresh leaves were crushed 
in a stone mortar (iron should not be used) and extracted with a 
5% solution of sodium bicarbonate, three times in succession. for 
a period of 24 hours each, in large enamelled iron basin. After the 
third extraction the leaves were practically devoid of colour and the 
combined extracts were acidified with strong sulphuric acid diluted 
with an equal volume of water. The resultant voluminous preci- 
pitate which consisted of the crude colouring matter was filtered 
off and dried and a further small! quantity was obtained by saturating 
the filtrate with common salt and filtering again. The crude subs- 
tance was then extracted with dilute ammonium hydroxide, filtered 
and the filtrate precipitated with concentrated hydrochloric acid 
and the process repeated twice. Finally the precipitate after drying, 
was extracted with benzene and the solvent distilled off when the 
colouring matter was obtained in the form of orange-yellow crusts, 
melting at 185-88°. It was then dissolved in sodium carbonate solution, 
filtered and the orange-yellow filtrate precipitated with concentrated 
hydrochloric acid. The precipitate was filtered, washed with distilled 
water until free from chloride, dried and repeatedly crystallised 
from benzene and acetone until the melting point went up to 190° 
and did not rise any further. The substance thus isolated has 
a dark mehogany-bronze colour in the crystalline and a lemon-yellow 
colour in the powdered state, yield 2°5 g. or ‘05% of the weight of 
the fresh leaves. 

The substance is very sparingly soluble in cold water with an 
orange-yellow colour and the solution undergoes decomposition on 
boiling. It is slightly soluble in chloroform, bromoform, acetic acid, 
benzene and petroleum ether and moderately soluble in alcohol, 
benzene and ether. The golution in all these solvents has a bright 
orange-yellow colour. It is very easily soluble in solutions of alkali 
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carbonates, bicarbonates and hydroxides, forming orange-red solutions 
which quickly undergo decomposition when boiled. In the cold the 
colouring matter can be reprecipitated unchanged from the above 
solutions by treatment with dilute acids. The substance is fairly 
acidic in reaction and produces a brisk evolution of carbon dioxide 
from sodium bicarbonate although not from sodium carbonate. It 
is also feebly acidic to litmus paper in aqueous or aqueous alcoholic 
solution. Alcoholic solution of the substance gives an immediate 
orange precipitate with alcoholic lead acetate, but does not give any 
precipitate with either alcoholic silver nitrate, copper acetate, nickel 
acetate, ferric chloride or calcium chloride, although a deep red 
colour is developed with nickel acetate and a reddish brown colour 
with ferric chloride. (Found: C, 69°18, 69°12, 69°01; H, 3°51, 
3°52, 3°47; M. W. 170, 177, 178. (b. p. method in acetone); 172, 
175 (silver salt); 176°5, 175°5 (lead salt). C, )H,O,; requires C, 68°9; 
H, 3°4 per cent. and M. W. 174). 

Silver salt.—To an alcoholic solution of lawsone (1 g.) neutralised 
by the addition of a few drops of dilute ammonia, alcoholic silver 
nitrate was added until the red precipitate was no longer formed. 
This was filtered off, washed and dried. Red amorphous substance 
resembling cinnabar in appearance. (Found: C, 42°82; H, 1°81; 
Ag, 88°67, 38°39. Cy)H;O3Ag requires C, 42°71; H, 1°78; Ag, 
38°44 per cent). 

Ammonium salt was obtained by dissolving lawsone (1 g.) in the 
smallest quantity of concentrated ammonia and allowing the solution 
to evaporate completely at the ordinary temperature. Bright red 
crystalline substance, exceedingly soluble in water and alcohol and 
decomposing between 150-70° without melting. (Found: C, 63°55; 
H, 5°59. C,9H,O3N requires C, 62°83; H, 5°93 per cent). 

Neutral lead salt.—To an aqueous solution of the ammonium 
salt prepared as above, aqueous lead acetate was added when an 
amorphous yellow precipitate was obtained. This was filtered, 
washed and dried. (Found: C, 43°09; H, 2°02; Pb, 87°14. 
Cg9H 90¢Pb requires C, 43°32; H, 1°80; Pb, 87°55 per cent). 

Lead acetate double salt.—To an alcoholic solution of lawsone, 
alcoholic lead acetate was added drop by drop, until the precipitate 
was no longer formed. This was filtered off, washed with alcohol 
and dried. Bright orange glistening plates, slightly soluble in water 
and alcohol. (Found: C, 32°77; H, 2°04; Pb, 47%. OC, 9H,0,° 
Pb'COCH; requires C, 32°73; H, 1°82; Pb, 47°28 per cent). 
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Sodium salt was prepared by adding a concentrated solution of 
sodium hyd :oxide to a solution of lawsone in dilute sodium hydroxide. 
The glistening red crystalline precipitate was filtered through asbestos 
and dried in the vacuum desiccator. It could not however be obtained 
in a sufficiently pure state for analysis. 

Acetyllawsone was prepared from lawsone and acetic anhydride 
in the usual manner. It crystallised from alcohol in pale yellow 
plates, m.p. 128-29°. (Found: C, 66°43; H, 3°98. C,,H,0,°COCH,; 
requires C, 66°66; H, 3°79 per cent). 

Triacetyldihydrolawsone —Lawsone (2 g.) was boiled with acetic 
anhydride (10 g.) under reflux and moist zinc dust gradually added 
until the solution was completely decolourised. The mixture was 
then filtered into cold water and stirred and the resulting white 
precipitate filtered off and crystallised from dilute alcohol in lustrous 
white lamine, m.p. 134°5°. (Found: C, 63°38; H, 4°72. C,,H,,O, 
requires C, 63°45; H, 4°68 per cent). 

~ Anilinolawsone.—A miature of lawsone (2 g.), aniline (4 g.) and 
glacial acetic acid (8 g.) was heated under reflux for 3 hours and 
then poured into ater. The resulting dark red precipitate was 
filtered off and crystallised from alcohol in long scarlet needles, 
m.p. 190°. (Found: C, 76°89; H, 4°55. C,;gH,,O,N requires C, 
77°10; H, 4°41 per cent). 

Lawsone mono-ozime was prepared from lJawsone (1 mol.) and 
hydroxylamine acetate (1 mol.) in the usual manner. It crystallised 
from alcohol in bright yellow needles, m.p. 180°. It dissolves in 
alkalis and organic solvents with a bright yellow colour. Itisa 
powerful dyestuff. (Found: C, 63°35; H, 3°87. ©, ,H,O."NOH 
requires C, 63°49; H, 3°70 per cent). 

Lawsone diozime was obtained by treating lawsone with a 
slightly more than the theoretical quantity of hydroxylamine. The 
substance crystallised from alcohol in light yellow glistening needles, 
m.p. 200° (decomp.). (Found: N, 13°75. Cy 9HgO3Ng requires N, 
13°46 per cent). 
~ Lawsone phenylhydrazone.—A mixture of lawsone (0°8 g.), pheny]- 
hydrazine (0°5 g.) and aicohol (2 c.c.) was allowed to stand at the 
ordinary temperature for 12 hours and then cautiously diluted with 
water. The phenylhydrazone separated in scarlet-red prisms which 
were crystallised from alcohol, m.p. 229° (decomp.). (Found: N, 
10°57. C,gHgOgN>2 requires N, 10°76 per cent). 

Lawsone ethyl ether.—A mixtureof the silver salt of lawsone 
(4 g.) and ethy] bromide (2 g.) was heated in a pressure flask on the 
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water-bath for 4 hours. After cooling the bottle was opened, the 
excess of ethy! bromide evaporated off and the residue extracted with 
alcohol and the filtered extract allowed to stand when the ethyl ether 
crystallised out in glistening yellow needles, m.p. 126-27°. 

Monobromolawsone.—Lawsone (1 g.) dissolved in warm acetic 
acid was treated with an acetic acid solution of bromine, until it 
was no longer decolourised even on boiling. On cooling, the bromo 
derivative crystallised out in yellow prisms which were recrystal- 
lised from alcohol, m.p. 198°. (Found: Br, 32°2. C, 9H,0,Br 
requires Br, 31°6 per cent). 

Distillation of lawsone with zinc dust.—Lawsone, on distillation 
with zinc dust in a current of hydrogen in the usual manner, gave an 
almost quantitative yield of naphthalene. 

Oxidation of lawsone with alkaline potassium permanganate.— 
Lawsone (5 g.) dissolved in dilute sodium hydroxide was treated 
with a 3% aqueous solution of potassium permanganate until the 
latter was no longer decolourised. The precipitated manganese 
dioxide was filtered off, the filtrate evaporated to a small volume 
and acidified with dilute hydrochloric acid, when masses of 
colourless needles (m.p. 213°) gradually separated which were 
identified to be phthalic acid. No other product could be 
detected. 

Benzeneazolawsone.—Aniline was diazotised and coupled with 
lawsone dissolved in excess of dilute sodium hydroxide. A red 
precipitate, insoluble in water or alkalis was produced, which was 
filtered off, wash 1 with dilute hydrochloric acid and water and 
finally crystallised from alcohol in scarlet needles melting above 305°, 
The substance could not be obtained in sufficient quantity for 
complete examination. 


CHEMICAL LABORATORY, Received March 18, 1933. 
ALLAHABAD UNIVERSITY. 























The Influence of Attached Rings on the Formation 
of Heterocyclic Compounds. Part I. 


By TerJenpRA Nato GHOSH. 


It has been shown in a previous communication (J. Indian Chem, 
Soc., 1929, 6, 181) that strong hydrochloric acid converts o-pheny]- 
enediaryldithiocarbamides into heptathiodiazine derivatives. 


NH—CS—NHR /\_NH—CS 
| | > | | S+RNH, 
| _NH—CS—NHR lw 
Ww VY —e 
(I a) () NHR 


In continuation of the same work, some new substituted thiocarba- 
mide derivatives have been prepared with the object of making a 
comparative study of the ease and nature of their transformation 
into cyclic structures as conditioned by the presence of one or more 
phenylene residues. 

o-Thiocarbamidobenzoylformic acids (II), prepared by the action 
of thiocarbamides on 0-aminobenzoylformic acid gives heptadiazine 
derivatives (III) on treatment with acetic anhydride. 


ry -NH—CS—NHR ae, (7. -_NH—C 
L) -CO—CO,H _cO—CO 


(IT) (ITT) 





+ See eee 
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The alternative formula (III a) has been rejected on the ground that 
the compound does not suffer any change on being boiled with acetic 
anhydride or strong hydrochloric acid, though in accordance with 
the observation of De (J. Indian Chem. Soc., 1926, 8, 32) a com- 
pound of this structure (III a) would have lost the thiocarbamido 
group. Itissoluble in cold dilute alkali and is precipitated un- 
changed by acids and forms an insoluble lead salt. 

Ethylenediaryldithiocarbamides (IV), prepared by the action of 
two molecules of mustard oil on ethylenediamine remain unchanged 
even when boiled with strong hydrochloric acid or 15 % caustic 
potash solution. 


CH,-NH, CH, -NH-CS—NHR 
| 2 RNCS | 
CH,-NH, —-—> CH,—NH-CS-NHR 
(IV) 


1 :2-Naphthylenediaryldithiocarbamides (V) in contrast with the 
ethylenedithiocarbamides, suffer ring-closure readily on being treated 
with strong hydrochloric acid or 15 % caustic potash solution to 
yield naphthylenethiocarbamide (VI). 


yy on (\/-NH—CS—NHR 
LH zi | | nH—cs—NnuR 
. rar 


/\--NH 

| | cs + RNH-CS-NHR 
| | nH 

| | 

\/ 

(VD 


The tendency of the phenanthrene-9 : 10-dithiocarbamides for ring- 
closure is so very great that during the process of their formation 
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from 9 :10-diaminophenanthrene and mustard oils, they actually pass 
into the cyclic thiocarbamide (VIII). 


NE NH—CS—NHR 
“<2 2RNCS satis 


{not isolated) 
(VII) 


N 
| “Sos +RNH-CS-NHR 
YY 


(VIII) 


That the solvent pyridine does not exert any ring-closing influence 
in this reaction has been proved by the fact that 1:2-naphthylenedi- 
amine under similar condition yields only 1 :2-naphthylenedithiocarba- 
mide (V). 

A comparison of the above reactions shows clearly how the 
phenylene residue plays a very important part in the formation of cyclic 
structures. Ethylenedithiocarbamide in which there isno phenylene 
residue, does not give any ring compound; compounds (I a) and (II) 
contain one phenylene residue and they give heptathiodiazine and 
heptadiazine derivatives respectively. Naphthylenedithiocarbamide 
derivative (V) containing two phenylene residues gives the most stable 
cyclic thiocarbamide. The presence of one more phenylene residue 
in phenanthrene-9:10-dithiocarbamide (VII) is so very helpful for 
ring-closure that it cannot even be isolated. The tendency to 
ring-closure, thus, appears to increase with the increase in the number 
of phenylene residues. 


2 
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The cyclic thiocarbamides (VI, VIII) are similar to o-phenylene- 
thiocarbamide prepared by Lellmann (Annalen, 1884, 224, 14) in all 
their properties. o-Phenylenethiocarbamide yields only one alkali- 
insoluble monobenzoy! derivative (IX) though o-phenylenecarbamide 
has been found by Heller and collaborators (J. pr. Chem., 1925, 
ii, 141, 1) to yield, under varying conditions of experiment, two 
different benzoyl derivatives viz., N-N’-dibenzoyl and mono-oxy- 
benzoyl. It is clear, therefore, that o-phenylenethiocarbamide can 
exist only in the monothiol form. 


N 
C,H, ¢ > C—SCOPh 
N 
(TX) 


EXPERIMENTAL, 


o-Phenylthiocarbamidobenzoylformic acid (II, R=Ph).—Pheny]l- 
mustard oil (2°7 g.) was added to an alcoholic solution of the 
potassium salt of 0-aminobenzoylformic acid (4 g.) prepared according 
to the method of Erdmann (J. pr. Chem., 1841, 24, 13) and the 
solution was boiled under reflux for about 2 hours, cooled and then 
acidified with dilute hydrochloric acid when a white solid separated 
which crystallised from alcohol in colourless rectangular plates, 
m.p. 173-74° (decomp.), yield 4g. It is soluble in sodium bicarbo- 
‘nate solution. (Found: N, 9°21. C,,H,.,0,N.S requires N, 9°38 
per cent). 

1-N-Phenyl-2-thioketo-4 :5-benzo-6 : 7-diketo-1 :3-heptadiazine (III, 
R=Ph).—The above compound (II, R=Ph) was heated under 
‘reflux with excess of acetic anhydride for about an hour. The clear 
solution was diluted with water and evaporated almost to dryness, 
‘when a tarry mass was obtained which was treated with a dilute 
‘golution of caustic soda. The alkaline solution on acidification 
‘gave a solid which crystallised from acetone in colourless rectangular 
‘plates, m.p. 155-57°. It is insoluble in sodium bicarbonate solution. 
‘(Found: N, 9°71; S, 11°68. C,;H;9O.N,S requires N, 9°92; 8, 
“11°34 per cent). 

00-Tolylthiocarbamidobenzoylformic acid (II, R=o-tolyl).—The 
imethod of preparation was the same as in the case of the preceding 
compound (II,, R=Ph). It crystallised from alcohol in colourless 
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rectangular plates, m.p. 208-10° (decomp.). (Found: N, 8°59. 
Cy¢H,40;N.8 requires N, 8°91 per cent). 

1-N-o-Tolyl-2-thioketo-4 :5-benzo-6:7-diketo-1:3-heptadiazine (III, 
R=o-tolyl).— The method of preparation was the same as in 
the case of the preceding compound (III, R=Ph). It crystallised 
from acetone in colourless rectangular plates, m.p. 205-06°. 
(Found: §, 11°12. C,¢H, 9OgN,8 requires S, 10°81 per cent). 

op-Tolylthiocarbamidobenzoylformic acid (II, R=p-tolyl) cry- 
stallised from alcohol in colourless rectangular plates, m.p. 165-66° 
(decomp.). (Found: N, 8°64. C,,H,,0;N.S requires N, 8°91 
per cent). 

o-Phenylearbamidobenzoylformic acid.—Pheny] isocyanate (2°4 g.) 
was added to an alcoholic solution of potassium salt of o-aminoben- 
zoylformic acid (4 g.) and the solution was boiled under reflux for about 
an hour, cooled and then acidified with dilute hydrochloric acid when 
a white solid came out, the bicarbonate solution of which yielded on 
acidification a white solid which crystallised from alcohol in beauti- 
ful colourless prisms, m.p. 179-80°, yield 4g. (Found: N, 971. 
C,5H;.0,4N¢ requires N, 9°85 per cent). The compound, on treat- 
ment with acetic anhydride yielded a tarry product which could not 
be purified. ; 

Ethylene-sym-diphenyldtihiocarbamide (IV, R=Ph) was prepared 
according to the method of Lellmann and Wiirthner (Annalen, 1885, 
228, 234) ; the action of strong hydrochloric acid or 15 % caustic 
potash solution did not produce any change upon this and other’ 
ethylenedithiocarbamides. 

Ethylene-sym-di-p-tolyldithiocarbamide (IV, R=p-tolyl).— The: 
method of preparation was the same as in the case of the preceding 
compound, yield almost quantitative. The compound crystallised 
from alcohol in colourless prisms, m.p. 194-95°. (Found: N, 16°62.- 
C,sHeeN,S_ requires N, 15°64 per cent). 

Ethylene-sym-di-o-tolyldithiocarbamide (IV, R=0-toly]) crystallised 
from alcohol in colourless prisms, m.p. 180°. (Found: N, 16°69, 
CigHeeN,S,g requires N, 15°64 per cent). 

Ethylene-sym-diallyldithiocarbamide (1V, R=allyl) crystallised 
from alcohol in colourless prisms, m.p. 103-04°. (Found: N, 
21°68. C1 9H; N,8q requires N, 21°70 per cent). 

Ethylene-sym-dimethyldithiocarbamide (IV, R=Me).— The 
method of preparation was the same as before, m.p. 85-86°. (Found: 
N, 27°85. C,H,,N,8_ requires N, 27°18 per cent). 
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1 :2-Naphthylenethiocarbamide (VI).—1 : 2-Naphthylenediphenyldi- 
thiocarbamide (6°7 g.) prepared according to the method of Schieffelin 
(Ber., 1889, 22, 1377), was heated under reflux on the water-bath 
with 15% caustic potash solution (140 c.c.) for 10 hours. The 
filtered solution, on acidification with dilute hydrochloric acid, yielded 
a white solid which was dried and carefully weighed, yield 20°5%. 
It crystallised from pyridine in colourless plates, m.p. above 
300°. It is soluble in cold dilute alkali and precipitated by acids. 
It forms an insoluble lead salt. Like o-phenylenethiocarbamide it 
also cannot be desulphurised by yellow oxide of mercury. (Found: N, 
14°41; S, 16°14. C,,HgN.S requires N, 14:0; 8, 16°0 per cent). 
The same compound (VI) was obtained when 1 : 2-naphthylenedipheny]- 
dithiocarbamide was heated with strong hydrochloric acid under reflux 
for about an hour. 

o-Phenylenediphenyldithiocarbamide (6°7 g.) was similarly heated 
on the water-bath with 15% caustic potash solution (140 c.c.) 
for 10 hours. The yield of the thivheptadiazine (I, R=Ph) was 
19°5%. 

1:2-Naphthylenedi-p-tolyldithiocarbamide (V, R=p-tolyl).— An 
alcoholic solution of 1:2-naphthylenediamine (1°6 g.) was heated 
under reflux on the water-bath with p-tolylmustard oil (8 g.) for 
about an hour when a white crystalline precipitate was obtained 
which crystallised from alcohol in colourless prisms, m.p. above 
800°, yield 3° g. (Found: N, 12°01. CygHg,N,8_ requires N, 
12°28 per cent). Like the corresponding phenyl compound 
(V, R=Ph) it also gave 1:2-naphthylenethiocarbamide (VI) when 
heated with 15% caustic potash solution or strong hydrochloric 
acid. 

1:2-Naphthylenedizylyldithiocarbamide (V, R=xylyl).— The 
method of preparation was the same as in the case of the preceding 
compound (V, R=p-tolyl), m.p. above 300°. The xylylmustard 
oil used here has been obtained from 1:8:4-xylidine. (Found: 
N, 11°31. CoggHogN,S. requires N, 11°57 per cent). It also 
gave 1:2-naphthylenethiocarbamide with 15% caustic potash 
solution. 

9:10-Phenanthrenethiocarbamide (VIII).—A pyridine solution of 
9:10-diaminophenanthrene hydrochloride (2°8 g.), freshly prepared 
according to the method of Pschoor (Ber., 1902, 85, 2738; Schmidt, 
Ber., 1908, 41, 3684), was heated under reflux with phenylmustard 
oil (2°7 g.) and the requisite amount of sodium acetate dissolved 
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in the smallest quantity of water, for about } an hour when a 
crystalline precipitate was obtained which crystallised from 
pyridine in brownish rectangular plates, m.p. above 300°. It is 
soluble in cold dilute alkali and precipitated by acids. It gives an 
insoluble lead salt with lead acetate solution, yield 1°6 g. (Found: N, 
11°17; 8, 13°14. C,;H, oN 8 requires N, 11°20; S, 12°80 per cent). 
From the mother liquor diphenylthiocarbamide was isolated and 
identified with a genuine sample. 

The same compound (VIII) was obtained when a pyridine solution 
of 9:10-phenanthrenediamine hydrochloride was heated with p-tolyl- 
or 0-tolylmustard oil. 

1-Benzoylthiol-3 :4-benzo-2 :5-diazole (IX).—The benzoyl deri- 
vative was prepared by the usual method and crystallised from 
alcohol in colourless plates, m.p. 186-87°. (Found: §8, 12°34. 
Cy,4H,.ON,S requires 8, 12°59 per cent). o-Pheny!enethiocarbamide 
was dissolved in various proportions of alkali, but in each case the 
monosodium salt was obtained which yielded the above monobenzoyl 
derivative (IX). 


My thanks are due to Prof. P. C. Guha, D. Sc. for his keen 
interest in the present investigation. 


DgPARTMENT OF ORGANIC CHEMISTRY, Received September 6, 1933. 
Imp1AN InsTITUTE OF SCIENCE, BANGALORE 





























Halogenation. Part Y. Bromination and Iodination 
of some Fatty Acids. 


By Pautpgo Samay VARMA AND V. T. SaHripHaRA MENON. 


Bromo derivatives of the fatty acids are generally obtained either 
by the direct action of bromine in presence of halogen carriers at high 
temperatures, sometimes under pressure, or by the replacement of 
hydroxy! group in the hydroxy derivatives of the fatty acids by the 
action of hydrobromic acid or phosphorus bromide. Iodo derivatives 
are obtained either by the action of phosphorus iodide on the hydroxy 
derivatives of the fatty acids or by the replacement of bromine in the 
bromo derivatives of the acids by means Of iodine. 

Attempts have been made in this paper to prepare the bromo 
and iodo derivatives of some of the fatty acids with the help of 
potassium bromide «nd sulphuric acid and iodine and sulphuric acid 
respectively. In the case of lower fatty acids poor yield of the halo- 
gen derivatives has been obtained, whereas in the case of higher 
fatty acids comparatively a much better yield of the a-bromo and 
a-iodo derivatives has been found. No appreciable difference in the 
yield of iodoacetic acid is noticeable when acetic acid or acetic an- 
hydride is used for the purpose. A slightly better yield of the bromo 
and iodo derivatives is obtained with acetic acid or acetic anhydride 
when nitrosulphonic acid mixture (a mixture containing about 50% 
of fuming nitric acid and about 50% of nitrosulphonic acid, the latter 
obtained by passing a current of dry sulphur dioxide through nitric 
acid) is used in place of concentrated sulphuric acid. In other cases, 
there is no appreciable difference in the yield of the halogen deri- 
vatives, when concentrated sulphuric acid or nitrosulphonic acid 
mixture is employed. «-Bromo derivatives have been obtained from 
acetic acid, acetic anhydride, propionic acid, butyric anhydride, iso- 
butyric acid, lauric acid, myristic acid, palmitic and stearic acids and 
a-iodo derivatives from acetic acid, acetic anhydride, propionic acid, 
butyric anhydride, isobutyric acid, palmitic and stearic acids. 


EXPERIMENTAL. 


The acid or the anhydride was taken ina flask provided with 
a reflux condenser, potassium bromide or iodine (as the case may be) 
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was added and the flask heated on a water-bath. Concentrated 
sulphuric acid or nitrosulphonic acid (as the case may be) was then 
added (} ¢.c, at a time). Heating was continued for about 5 hours and 
then the mixture treated with sulphurous acid to remove any excess 
of bromine or iodine and then extracted with ether. The ethereal 
solution was dried with calcium chloride and ether evaporated off on 
a water-bath. If the residue left behind is solid, it is purified by 
crystallisation from water or alcohol. If the residue is liquid, it 
is distilled under reduced pressure. The results obtained with 
different acids or anhydrides are summarised in the following table. 


Substance. Amount taken. Halogenating agent. Product. 


Acetic acid 20 c.c. Potassium bromide (5g.) Bromoscetic acid (1 g.), 
and nitrosulphonic acid m.p. 49-50° 
mixture (10 c.c.) 


Acetic anhydride ” ” ” 
Propionic acid ” Potassium bromide (5g.) «-Bromopropionic acid 
and cone. sulphuric acid (3 g.), b.p. 204-207° 
(10 c.c.) 
Butyric anhydride ” ” a-Bromobutyric acid 
(5 g.), b. p. 127°/25 
mm. 
isoButyric acid e s a-Bromoisobutyric acid 
(5 g.), m.p. 48° 
*QLauric acid 5 g. ‘ a-Bromolauric acid 
(2°5 g.), m.p. 31°5° 
*Palmitic acid ” sa a-Bromopalmitic acid 
(3 g.), m.p. 52° 
*Stearic acid " ” a Bromostearic acid 
(3 g.), m.p. 60° 
Acetic acid 20 c.c. Iodine (5 g.) and nitro- Iodoacetic acid (1 g.), 
sulphonic acid mixture m.p. 83° 
(10 c.c.) 
Acetic anhydride ” ” ” 
Propionic acid * - a-Iodopropionic _ acid 
(1 g.), m.p. 45° 
Butyric anhydride ” - a-Iodobutyric acid 
(4°5 g.), m.p. 41° 
isoBatyric acid ” a a-Iodoisobutyric acid 
(4°5 g.). m.p. 73°5° 
*Palmitic acid 5 g. ‘ a-Iodopalmitic acid 
(2 g.), m.p. 57° 
*Stearic acid *” re a-lodostearic acid 
(2 g.), m.p. 66° 


* Carbon tetrachloride (10 c.c.) used as solvent. 


CaemicaL LABORATORY, 
Hixovu University, Received April 27, 1933. 
BENARES, 























Halogenation. Part V1. Bromination and 
Iodination of Benzonitrile. 


By Pauipeo SAnAY VARMA AND NirRoDE Baran SEN-GuPTA. 


Bromo and iodo derivatives of benzonitrile have been obtained 
before by indirect methods only either from the corresponding 
aniline derivatives by the replacement of amino group by cyanogen or 
from the corresponding benzoic acid derivatives by the replacement 
of carboxyl group by cyanogen group. It is reported that the action 
of bromine on benzonitrile under ordinary conditions results in the 
formation of benzonitrile monobromide and dibromide, whereas in 
a sealed tube at 200°-360° it results in the formation of perbromo- 
benzonitrile (Engler, Annalen, 1865, 183, 144; 1867, 142, 74; 
Friedburg, ibid., 1871, 158, 29). Bromine or iodine alone, or in 
presence of other substances such as nitric or sulphuric acids, does 
not yield any bromo or iodo derivatives of benzonitrile, but the 
bromo and iodo derivatives have now been obtained by the action of 
potassium bromide or potassium iodide and concentrated sulphuric 
acid on benzonitrile. 


EXPERIMENTAL. 


Action of potassium bromide and sulphuric acid on benzonitrile.— 
Strong sulphuric acid (5 c.c.) was taken in a test tube and _ benzo- 
nitrile (10 c.c.) was carefully poured into it over the heavy layer of sul- 
phuric acid, care being taken not to allow the acid to mix freely 
with benzonitrile. Potassium bromide (4 g.) was then slided down the 
side of the test tube when bromine was set free by the action of sul- 
phuric acid and reacted with benzonitrile which turned gradually 
into a solid product. At the end of 3 hours the upper solid layer 
was removed and treated with a small quantity of cold water, shaken 
and filtered. On evaporating the filtrate to dryness and recrystallis- 
ing the solid product from cold water, a white crystalline substance 
(2°5 g.), melting at 112°, was obtained. It was found to be p-bromo- 
benzonitrile. (Found: N, 7°48; Br, 43°66. C,H,BrCN requires 
N,7°7; Br, 43°97 per cent). The residue was digested with water at 


3 
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50° and filtered. The filtrate was concentrated and allowed to cool, 
when needle-shaped crystals (0°6 g.), melting at 52°, were obtained. 
It was found to be o-bromobenzonitrile. (Found: Br, 43°72. CgH,- 
BrCN reguires Br, 43°97 per cent). 

The solid residue still left behind was boiled with water and filtered. 
The filtrate was evaporated to dryness and crystallised from boiling 
water. The product (0°8 g.) so obtained, m.p. 121°, was found 
to be benzoic acid. The last portion of the residue was digested with 
alcohol and crystallised from it, m. p. 128° and was found to 
be benzamide (0°4 g.). (Found: N, 11°59. C,;H,ON requires N, 11°57 
per cent). 


Action of potassium iodide and sulphuric acid on benzonitrile.— 
Benzonitrile (10 c. c ) was treated with strong sulphuric acid (5 c.c.) 
and potassium iodide (4 g.) exactly in the same way as in the preced- 
ing experiment. Benzonitrile layer was kept cold by pouring cold 
water over it under the tap. It solidified, the solid was removed after 
8 hours and treated successively with cold water, water at 50°, boiling 
water and finally with alcohol. Solid crystalline products were obtained 
from these solvents. p-Iodobenzonitrile (2 g.). (Found: N, 6°28. 
I, 55°12; C,H,ICN requires N, 6°1 ;I, 55°46 per cent). o-Iodobenzo- 
nitrile (0°7 g.) (Found: I, 54°83. C,H,ICN requiresI, 55°46 per 
cent). Benzoic acid (0°7 g.) and benzamide (1.1 g.) were also 
obtained. 


CHEMICAL LABORATORIES, 
Received Aprik 27, 1933. 


BenAges Hinpv University, BenARes. 























Halogenation. Part VII. lIodination and Bromination 
of Naphthalene and 8-Naphthol. 


By Psauipgo Samay Varma, D. N. Mozumpar anp 
K. Kungan Ragan. 


Iodonaphthalene is not ordinarily obtained by direct iodination and 
the yield obtained by the methods already known is very poor. 
Noelting (Ber., 1886, 19, 135) obtained this compound by digesting 
e-naphthalene diazonium sulphate with potassium iodide in an acid 
solution. Otto and Mértes (Annalen, 1868, 147, 173) obtained iodo- 
naphthalene by the action of iodine on a solution of mercuri-di-a- 
naphthy! in carbon disulphide. Edinger and Goldberg (Ber., 1900, 
33, 2882) prepared this compound along with 8-iodonaphthalene by 
the action of sulphur iodide and excess of nitric acid on naphthalene 
in light petroleum at 100° for several hours. Datta and Chatterji 
(J. Amer. Chem. Soc., 1917, 89, 435) obtained a mixture of iodo- and 
mononitronaphthalenes by the action of iodine in presence of concen- 
trated nitric acid. 

Attempts have been made in these experiments to iodinate 
naphthalene under different conditions and the best yield is obtained 
by iodinating in presence of a mixture of nitrosulphonic acid and 
fuming nitric acid. 

Iodo-8-naphthol has been obtained by Meldola (J. Chem. Soc., 
1885, 47, 525) by adding iodine to an acetic acid solution of 8-naph- 
thol, sodium acetate and lead acetate. Lepetit (Gazzetta, 1890, 20, 
107) seems to have obtained this compound by the action of nitrogen 
iodide on 8-naphthol dissolved in caustic soda. Monoiodo derivative 
of B-naphthol has now been obtained by iodinating 8-naphthol in 
presence of a number of reagents, but the best yield is obtained in 
presence of ammonium hydroxide. The nascent nitrogen iodide 
formed by the action of iodine on ammonium hydroxide seems to be 
the active iodinating agent in this case. 

Naphthalene is more readily brominated and if bromination is 
carried on in presence of substances like mixture of fuming nitric 
and nitrosulphonic acids, not only avery good yield of the bromo 
derivatives is obtained, but there is also no evolution of hydrobromic 
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acid at all, thus avoiding the wastage of bromine in the form of 
hydrobromic acid. 

8-Naphthol has been directly brominated before and a number of 
bromo derivatives have been obtained (Smith, J. Chem. Soc., 1879, 
35, 789; Armstrong, Chem. News, 1889, 59, 225; 1891, 63, 136; 
Felensa, Ber., 1894, 17, 1480). The best yield of the bromo deri- 
vatives is, however, obtained when bromination is carried on at low 
temperatures, preferably at 10°, in presence of a third substance such 
as concentrated or fuming sulphuric acid. 


EXPERIMENTAL. 


Iodination of naphthalene,—Naphthalene, iodine and glacial acetic 
acid were heated in a flask on a sand-bath, provided with a reflux con- 
denser. Nitrosulphonic acid mixture (equal quantities of fuming 
nitric acid and nitrosulphonic acid) was then dropped little at a 
time from the top of the condenser. When the whole of the acid 
mixture was added, the contents of the flask were heated for some 
specified period, at the end of which they were boiled with animal 
charcoal (1—2 g.), filtered and concentrated to a smaller volume. 
The liquid obtained was then distilled under reduced pressure on a 
paraffin bath. Iodine and acetic acid were then distilled off and the 
residue containing the iodo derivative was extracted with benzene and 
the benzene distilled off. A liquid boiling at 802-30°° was thus 
obtained. It gave naphthalene when boiled with alcoholic potash 
and formed golden yellow needles of picrate, m.p. 127°. It is 
therefore a-iodonaphthalene. 

In a few cases, it has been found equally convenient to pour the 
whole of the reaction product into a large quantity of water when the 
heavy layer of the iodo compound settles at the bottom. It is then 
separated in a tap funnel, washed several times with 10% potassium 
hydroxide, then with water, dried by means of anhydrous calcium 
chloride and distilled. The experiments are given in Table I. 


TABLE I. 


Naphthalene= 10 g. 


Iodine. The third substance used. Reaction period. Yield of iodo. 


naphthalene. 
5 g. Potassium persulphate (5 g.) 3 br. 8°2 g. 
5 Chromic acid (5 g.) 14 3°4 


6 { Fama’ sulphuric acid (5 c.c.) 3 4°0 


Fuming nitric acid (5 c.c.) 
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TABLE I (contd.). 


L[odine, The third substance used. Reaction period. poe tot ee 
6 g. Strong nitric acid (5 c.c.) 23 hr. 3°6 g. 
6 Fuming nitric acid (5 c.c.) 23 3°7 
6 Nitrosulphonic acid mixture 23 4°2 
45 c.c.) 
10 Nitrosulphonic acid mixture ly 6°2 
(15 c.c.) 


Glacial acetic acid (10 c.c.) 


lodination of B-naphthol.—A better yield of iodo-8-naphthol than 
what was obtained by Meldola (loc. cit.) was obtained by iodinat- 
ing 8-naphthol by means of iodine dissolved in KI solution in presence 
of ammonia. For this purpose, 8-naphthol (5 g.) was dissolved in 
concentrated ammonia (10 c.c.) and iodine (4°5 g.) in K I solution 
was then added drop by drop and shaken. When the whole of the 
iodine solution was added, the product was poured into dilute 
sulphuric acid when a flocculent white precipitate was obtained. 
This crystallised from acetic acid, m.p. 93-94°, yield 9°2 g. 

Bromination of Naphthalene.—Naphthalene (10 g.) dissolved in 
carbon tetrachloride, was refluxed on a water-bath. Bromine (2 c.c.) 
dissolved in the same solvent was then added drop by drop. When the 
whole of the bromine was added, the third substance (if any) was then 
dropped little at a time and the whole of these operations took 
about an hour. The contents of the flask were then heated 
on a sand-bath to drive off the solvent, the residue extracted 
with dilute alcohol. On standing, the extract separated into two 
layers. The lower layer was separated, washed with dilute alcohol, 
dehydrated over calcium chloride and distilled. The fraction distill- 
ing at 283°-285° was found to be monobromo derivative. 

If the product contains a nitro derivative also, the nitro deriva- 
tive separates out in a crystalline form from the alcoholic extract and 
is separated and purified. The results are summarised in Table II. 

Bromination of 8-naphthol.—-Naphthol (5 g.), dissolved in acetic 
acid (20 c.c.), was put into a flask, immersed in a thermostat at 10° 
and bromine (1°8 c.c.) dissolved in acetic acid (15 c.c.) was added to 
it drop by drop from a tap funnel and the flask was shaken after 
each addition. When the whole of the bromine solution was added 
the flask was allowed to stand for about an hour in the thermostat 
and then the contents poured into a porcelain dish and allowed 
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to stand for about 12 hours, when long light-brown needles 
separated out. By repeated crystallisation from acetic acid or 
from petroleum ether in which the bromo compounds are soluble, 
fine shining crystals of 1-bromo-f-naphthol (m.p. 83-84°) or of 1:6- 
dibromo-f-naphthol (m.p. 105-06°) were obtained. The results are 
summarised in Table III with 5 g. of 8-naphthol, the time allowed 
for the reaction being 14 hours in each case, in the last case bromine 


added being 3°6 c.c. 


TaseE IT. Taste III, 
Third substance Yield of monobromo Third substance Yield. 
used. naphthalene. used. 
3°4 g. (21%) Diffused sunlight —_1-Brémo- 
B-paphthol 
Aluminium-mercury 4°5 g. (28%) (5°6 g.) 
couple (2 g.) 
Strong sulphuric 1-Bromo- 
Strong nitric acid 4°5 g. (36%) acid (1 c.c.) 8-naphthol 
(5 c.c.) (5°8 g.) 
Faming nitric acid 17°6 g. (47%) Fuming sulphuric 1-Bromo- 
(5 c.c.) also mono-nitro- acid (1 c.c.) 8-naphthol 
naphthalene (2 g.) (6°5 g.) 
Nitro sulphonic acid 10°1 g. (62%) also Aluminium-mercury 1-bromo- 
mixture (5 c.c.) mono-nitronaph- couple (1°5 g.) — 
8 g. 


thalene (3 g.) 


Fuming sulphuric 1:6 Dibromo 
acid. (le.c.) 8-1 
(3°5 g.) 


CuemioAL LaBoRATORIES, 
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Studies in the Coagulation of Colloids. Part VI. Fur- 
ther Investigation of the Viscosity Variations 
during Coagulation. 


By Saripgar SARVoOTTAM JosH1 and T. MapHaB Menon. 


In Part V of this series (J. Indian Chem. Soc., 1933, 10, 829) 
results were given for the changes of viscosity during the slow 
coagulations of colloid arsenious sulphide (both pure and also when 
protected by different amounts of gelatine) produced by differently 
concentrated solutions of potassium chloride. It was observed 
that (4) immediately after the commencement of the coagulation 
the viscosity almost always showed a diminution in the range, 
07 to18% of the initial viscosity, and that (b) the viscosity— 
time curves showed a number of well marked maxima and minima 
which were attributed to the coagulation process (at any rate in 
the slow region) consisting of a succession of changes, both as to 
the size and nature of the coagulating particles (vide infra). In 
view of the fact that both these findings invalidate the use of 
visocity as a general, qualitative measure of the degree of coagula- 
tion at least in the slow region, and especially since the initial 
fall in vicosity mentioned in (a) does not appear to have been 
studied previously in the literature, it was considered desirable to 
investigate (2) and (b) in more detail. To this end, in the follow- 
ing experiments coagulations of the arsenious sulphide sol have been 
studied in which differently concentrated solutions of AICI, 
Th(NO,;),, ThCl,, KF, KCl, KBr, and KI were used as coagulants, 
the sol being also varied over a suitable range in each case. 


EXPERIMENTAL. 


The general experimental procedure was mostly similar to that 
described'in Part V (loc. cit.). The temperature of the thermostat 
was maintained at 35+0°1° in all the experiments. The colloid 
content of the sol was determined by the Kessler’s method (ef. 
Part I, J. Indian Chem. Soc., 1981, 8, 11). 20 C. c. of the sol 
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were kept in the Scarpa tube (called P in Fig. A, Part V) immer- 
sed in the thermostat. To this was added an equal volume 
of the coagulator solution whose concentration was varied by mixing 
appropriate volumes of water of the standard solution of the 
electrolyte chosen. - Both these were allowed to attain the ther- 
mostat temperature before mixing in the Scarpa tube. Immediate- 
ly after this, the mixture was given a rotatory motion twice and 
the corresponding mean time noted. The viscosity of the coagulating 
sol was then determined by Scarpa’s method with modifications 
described in Part V. By preliminary experiments the concentrations 
of the electrolyte solution and of the sol were so chosen, that the 
coagulating sol did not flocculate, that is, show heterogeneities of 
even fine visible precipitate tending to leave a deposit on the walls 
of the viscometer in at least 5 hours. 

It has been noted previously (Joc. cit.) that the initial fall 
of viscosity occurs so soon after the start of coagulation that 
precautions are necessary to measure it fully and accurately. 
Some improvement over the previously adopted procedure was made 
in these experiments (for details compare a forthcoming paper by 
Joshi and Joga Rao on the viscosity variations due to molecular 
chemical changes) by dispensing with the letting out of water from 
the aspirator A, into the beaker B (cf. Fig. A, Part V) in order 
to establish negative pressure in the Scarpa tube before each 
observation of the time of rise of the liquid. Following this rise, 
the water level in the manometer limb connected with the tube 
P is slightly depressed. This is easily adjusted to the original 
value by simply adding a small quantity of water to that in the 
beaker B. This results in a considerable saving of time, and what 
is more, is particularly suited for measurements during the initial 
stages of the coagulation. The suction used in these experiments 
was 26 cm. of water. 

Curves 1—4, in Fig. 1 show the influence of varying the sol 
concentration in the range 1°56 to 0°188 g. As,.Sz per litre, the 
concentration of the coagulant being kept constant at N/40,000. 
Curves 5—6 refer to coagulations of sols of a fixed colloid ecntent 
(1°5 g. As,8z per litre) and the coagulant concentrations varied in 
the range N/20,000 to N/27,000. Figs. 2and 3 refer to similar 
experiments with thorium nitrate and thorium chloride solutions. 
Results of the use of solutions of the various potassium halide 
solutions are given in Figs. 4 and 5. The data recorded in Tables 
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I—V were obtained from curves in the corresponding figures. 
colloid and the electrolyte concentrations given in the third and 
fourth vertical columns in these tables refer to their values in the 
coagulating mixture. 


Composi- Colloid conc. Electrolyte Initial vis- First mini- Percentage Time corres- 
cosity in mum visco- diminution ponding to 
centipoise. sity in C.P. 


tion of the 
mixture. 


Water. N/1000 
AICls. 


Wce lec. 





185 15 
18°35 1°65 
18.15 1°75 
185 §=1°85 


Water. N/500- 
Th(NOs3)4 


19 1 


Water. N/500. 
Th (Cl),. 


186 1'4c.c. 
185 1°5 


18 2 
177 (23 
177. = 3 


4 





TaBue I (cf. Fig. 1). 


TaBxe II (cf. Fig. 2). 


Taste III (cf. Fig. 3). 


Aso83 conc. 
g./litre. 
15 N/40000 
0°75 * 
0°375 * 
0°188 = 
1°5 N /26270 
eS N/24250 
a N/22880 
" N/21620 
- N/20000 
15 N/120000 
0°75 ” 
0°188 % 
0°094 ” 
15 N/14290 
a N/13500 
oa N/10000 
i N/8500 
= N/6500 , 


0°728 
0°734 
0°733 
0°735 
0°735 
0°727 
0°731 
0751 
0°742 


Sol = 20 e.c. 


7 


M. 


0°729 
0°728 


0°732 
0°723 
0°727 
0°739 
0°740 


Sol = 20 c.c. 
0°735 0°733 
0°729 0°727 
0°728 0°727 
0°727 0°726 


Sol= 20 e.c. 
0°736 0-734 
0°725 _ 
o°741 0°738 
0°730 0°724 
0°738 0°737 


of visco- 
sity. 


0°64 
0°64 


0°39 
0°52 
0°46 
03 
0°23 


0°30 
0°27 

018 

o14 


0°20 


0°48 
0°70 


io mins. 


25 
25 
25 
27 


27 


19 
19 


25 


13 
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TaBe IV (cf.Fia. 4). 


Sol=20 c.c. 





Composi- Colloid conc. Electrolyte Initial vis- First mini- Percentage Time corres- 


tion of the AsgS3 g./litre. 


mixture. 


Water. N/10- 
KF. 


18c0c. 2cc. 15 


16 4 ” 
18 2 O15 
16 4 *” 
N/10- 
KCl, 
18 Zcc. 1°5 
16 4 ®» 
- 4 0°75 
18 2 ” 
N/10- 
KBr. 
l6c.c. 4 cc. 15 
18 2 ” 
18 2 0°75 
N/10- 
Kl. 
16 4cc. 15 
4 0°75 


conc. 


N/200 
N, 100 
N/200 


N/100 


N/200 
N/100 
N/100 

N/200 


cosity in 


0°731 
0°738 
0°730 


0°732 


0°729 
0°732 
0°724 


0°731 


Ny. 


0°721 


0°724 
0°723 
0°722 


0°720 


TABLE V (cf. Fia. 5 ). 


N/100 
N/200 
N/200 


0°729 
0°734 


0°729 


0°727 
0°728 


DIScussION. 


0°722 
0°727 


0°722 


0°720 
0°725 


mum visco- diminution 
centipoise sity in C.P. of viaco- 


sity. 


13 


ll 


117 


0°73 
1°2 
0°36 


1°42 


0°85 
0°98 
0°85 


C98 
O41 


onding to 


nM 1n mips. 


Amongst the numerous methods used in order to follow the 
progress of coagulation, the earliest and widest used depend upon the 
variaticn, of the intensity of light scattered by, and of the relative 
transparancy of the coagulating sol (Mukherjee and coworkers, 
J. Chem. Soc., 1920, 117, 350, 1563; 1924, 125, 794; Lottermoser, 
Kolliod Z., 1914, 15, 145; Desai, Trans. Faraday Soc., 1928, 24, 181). 
Hatschek’s colorimetric method (cf. Anderson, ibid., 1924, 19, 626) 
and that using the ultramicroscope are more accurate and their 
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results (especially of the last) simpler to interpret, but are restricted 
in the range of their applicability. A considerable mass of data has 
also resulted from the use by different workers of chemical methods 
of measuring coagulation (Paine, Koll. Chem. Beih., 1912, 4, 24; 
Paine and Evans, Trans. Faraday Soc., 1924, 24, 649; Freundlich 
and Basu, Z. physikal. Chem., 1925, 115, 203; Joshi and Prabhu, 
J. Indian Chem. Soc., 1931, 8, 11, 387). Joshi and Lal (J. Indian 
Chem. Soc., 1933, 10, 61) have measured coagulation by a new 
method, viz., by the determination of the surface tension. Reference 
also must be made here of the results of numerous workers (for a 
review, cf. Part V) on viscosity measurements although restricted, in 
by far the majority of cases, to a determination of the significant 
transpiration times only. An outstanding indication of these results 
is that in general the progress of coagulation is continuous with the 
coagulation time. It is of considerable interest, therefore, to point 
out that the confirmation by the results recorded in this paper, of the 
previous observation (cf. Part V) of (a) the initial fall of viscosity, and 
of (b) the marked discontinuities on the viscosity-time curves affords 
a definite evidence of the limitation of the above deduction at least 
in the slow region of coagulation. These results (and those reported 
in Part V) also show the superiority of our viscosity method in 
revealing features of the coagulation process, which otherwise 
practically escape detection (cf. Joshi and Joga Rao, J. Indian Chem, 
Soc., 1933, 10, 247). 

An examination of the foregoing results also shows (Figs. 1—5) 
that the magnitude of the initial fall, and the subsequent fluctuations 
of viscosity are affected considerably by the values of the concentra- 
tion both of the colloid and the electrolyte. It is also seen (cf. 
curves 1—4, Fig. 1) that the initial fall in viscosity tends to diminish 
both for the smallest and largest concentrations of the sol, and of the 
coagulator. It is well known that the rate of coagulation increases 
rapidly as the coagulator concentration is raised, and ordinarily, 
the viscosity would rise rapidly in such coagulations. It is to be 
anticipated, therefore, that in these cases, the initial fall in the 
viscosity would be to some extent masked by the viscosity rise 
due to the rapidity of coagulation. It must be stressed, however, 
that the above deductions represent only a tentative conclusion, 
not quite free from exceptions (cf. Figs. 2—3), and a far more detailed 
investigation would be necessary to obtain a complete correlation 
of the progress of viscosity as a function of the two concentration 
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Fia. 1. 
Coagulation by AICls. 


0°7970 





0°7990 
0°70 
0°7670 
0°7570 |= 
0°7470 
0°7870 


0°7270 


0°7350 


0°7350 

0°73000 
te 

0 50 §=6©.100=—:150 200 250 300 350 400 450 600 


Time in min, 


Curves 1—4 refer to N/40,000 AICI; +1°5 g., 0°75 g., 0°875 g., and 0°188 g. As9S3 
per litre respectively. Curves 5—9 refer to N/26270, N/24250, N/22880, N/2162 


and N/20,000 AICI; respectively + 1°5 g. AsgS3 per litre. 





0°7250 
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Fie. 2. 


Coagulation by Th(NO3),. 


0°7350 
u'7250 
0°7350 | 
0°7300 


0°7250 





0°7200 
0 50 100 150 200 250 300 


Time in min. 


Curves 1—4 refer to N/20,000 Th(NO3), +1°5 g., 0°75 g., 0°188 g., and 0°04 g. 
of As9S3 per litre respectively. 


factors in the slow region. For example, curve, 1 (Fig. 3), curves 
1—2 (Fig. 4), and curve 5 (Fig. 5) show that a coagulation is not 
necessarily accompanied by a net rise of viscosity. Results fully 
confirming this possibility under appropriate conditions have been 
obtained recently in these laboratories and will be published 
shortly. 


It was also observed in Part V (loc. cit.) that subsequent to the 
initial fall and prior to its eventual rise, in a number of coagulations, 
the viscosity increased markedly slowly, indicative of autocatalysis. 
This is detectable in curves 5, 6, 7 (Fig. 1). It is well known that 
a small percentage change in the coagulator concentration affects 
the coagulation time by several times in the slow region. It is 
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Fic. 38. 


Coagulation by ThCl,. 


0°7370 


0°7330 
0°7290 


0°7250 


0°7420 
, 0°7400 
0°7280 0°7380 


0°7260 | 0°7360 


0°7240 
0 50 100 150 200 250 300 
Time in min. 


Curves 1-—5 refer to N/14290, N/13500, N/10,000, N/8500 and N/6500 Thc, 
respectively and 1°5 g. AsgSs per litre. 


interesting, therefore, to notice that the time corresponding to the 
attainment of the first minimum on the viscosity-time curves varies 
irregularly in the range 20—60 minutes although the nature and the 
strength of the coagulator and also of the colloid were varied over 
a wide range (cf. Tables I-V). Results obtained previously were 
similar to this (loc. cit.). It might also be added that the value 
of the initial fall expressed as a percentage observed previously 
for potassium chloride solutions is similar to that observed now for 
solutions of KF, KBr, and KI. 
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Fic. 4. 
Coagulation by KF and KCl. 


Curve 4-N/100 
KF +0°75 g. 
AsyS; per 
litre. 


0°7320 
0°7300 . iz I 


0°7280 Curve 3-N/200 


KF +0°75 g. 
AsgS3 _—siperr 


0 7260 litre. 


n-axis for curves (1I)j—(3). 


Curve 2-N/ 100 
KF + 1*5g. 
As;,S3; per 
litre. 


0 7240 


— 

y722 

Curve 1-N/200 
KF + 15g. 
AsgS3 _—s per 
litre. 

Curve 7-N/100 
KCl +0°75 g. 


As283 per 
litre. 


0°7200 


Curve 5-N/200 
KCl + 15g. 
As,S3 per 
litre. 


7310 


07290 


0°7270: 


O° 725( Curve 6-N/100 
KCl + 15g. 
As983 per 
litre. 


Curve 8-N/200 
KCl +0°75g. 
Asq53 per 
litre. 


n-axis for curves (5) and (8). 


100 150 
Time axis for curves (5) and (8). 
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Fie. 5. 
Coaguiation by KBr and KI. 
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n-axis for curve (4). 


-axis for curve (1). 
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n-azis for curve (5). 
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50 100 150 200 250 300 
Time axis for curves 1—5. 


Curve 1- N/100 KBr + 1°5g. AseS3 per litre. 
2- N/200 ” ” ” ” 

3- ., ” 0°75g. ” ” 

4-N/100 KI + 15g, 

5- ” ” 0°75g. iT) ” 
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SumMary. 


Results are given for the variation of viscosity when differently 
concentrated sols of arsenious sulphide were coagulated in the slow 
region, by solutions of KCl, KBr, KI, KF, AICl;, ThCl,, and 
Th (NO;),. Usually, though not invariably, viscosity first diminishes 
to a well marked minimum and then rises in a number of breaks. 
The first tends to diminish when the concentration of the sol and 
of the coagulator is either too high ortoolow. Both the above 


features disappear during rapid coagulations. 
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A Convenient Micro Method of Estimating Sulphur 
in Organic Compounds. A Modification of ter 
Meulen’s Method. 


By Harish Caanpra GoSwAMI AND Pouin Braarr SARKAR. 


All micro methods of estimation of sulphur in organic compounds 
consist in oxidising the sulphur and estimating the resulting sulphuric 
acid either gravimetrically or volumetrically. The methods of 
oxidation of sulphur can be divided into three groups, (i) oxidation 
in the dry way (fusion method), (ii) oxidation in the wet way, and 
(iii) direct oxidation by means of pure oxygen. 

Oxidation by fusion method-—Recdsei (Chem. Zig. 1926, 50, 785) 
fused the substance with sodium carbonate and sodium peroxide and 
the resulting sulphate was precipitated as barium sulphate and 
weighed in a micro-Neubauer crucible. Emerson (J. Amer. Chem. 
Soc., 1930 §0, 1291) finds that sodium peroxide is not suitable, 
firstly because it does not keep well and secondly, because in 
certain cases oxidation takes place with explosive violence. Emerson 
used KNO, in place of Na,gO,. The fusion mixture is prepared 
once for all by mixing 2 parts of NagCO, with 1 part of KNO;. The 
method is good in case of solids but not convenient for liquids, especi- 
aily when they are volatile. Complete analysis requires 3-4 hours. 

Ozidation in the wet way (Micro-Carius method of Emich Donau, 
(Monatsh, 112, 38, 169).—It is of limited applicability. Besides 
the manipulatlve inconveniences, it is unsuitable for organic sulphides, 
which are oxidised to sulphones. Electrolytic oxidation in presence 
of HNO, (method of Gasparini, modified by K. Heller, Mikrochemie, 
1929, 7, 209) requires a special apparatus and a longer time (more 
than 5 hours). 

Direct oxidation by means of pure orygen.—This is the classical 
method of Pregl and is the most accurate method suitable for solids, 
liquids and gases. In this method the substance is burnt in a current 
of oxygen and the products of combustion are passed over red hot 
platinum and then over a Jena glass spiral moistened with perhydrol 
-diluted with five times its volume of water. The sulphur is deter- 
mined in the washings of the Jena glass spiral by acidifying with 
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hydrochloric acid and precipitating with barium chloride and weighed 
as barium sulphate in a micro-Neubauer crucible. In the absence of 
halogens and nitrogen the porcelain beads are soaked in neutral 
hydrogen peroxide and the resulting sulphuric acid determined 
volumetrically. 

Later improvements of Pregl’s method are concerned mainly with 
the complete precipitation of barium sulphate and its transferance. 
Wintersteiner (Mikrochemic, 1924, 2, 14) and Eigenberger (Z. anal. 
Chem., 1926, 68, 220) used dilute celluloid gel for rapid coagulation 
of barium sulphate. Hey! and Fullerton (Chem. Zenir., 1923, IV, 
519) used alkalimetric titration of benzidine sulphate. 

Guillemet (Bull, Soc. chim., 1932. §1, 1611) recommends the preci- 
pitation of sulphuric acid as benzidine sulphate and filtering through 
Jena sintered glass filter tubes (No. 13f. G.3). He claims his pro- 
cedure to be more rapid than Pregl’s. Though these methods are 
excellent they require manipulative skill of the experimenter and his 
previous training in micro-technics. The procedure requires 3-4 hours. 

Kubota and Hanai (Bull. Chem. Soc. Japan, 1928, 3, 168) estima- 
ted sulphur volumetrically after converting it into H 2S. The subs- 
tance is heated in hydrogen and the products passed over freshly 
reduced nickel heated to 200°, The whole of sulphur is retained as 
nickel sulphide. The nickel sulphide is then taken out in a flask and 
heated with HCl in a current of hydrogen and_ the sul- 
phur estimated exactly as in the ‘‘Evolution method’’ in the case 
of steel analysis. The method is good but requires 3-4 hours. 

H. ter Meulen (Rec. trav. chim., 1922, 142. Chem. weekblad., 1926, 
848; 1930, 19) introduced a new method of catalytic hydrogenation for 
the estimation of sulphur in organic compounds. The compound is 
gasified in a currrnt of excess of hydrogen and the mixture is passed 
over a catalyst (platinised asbestos or simply pure asbestos) heated 
to redness by means of a Fletcher furnace. The sulphur is quantita- 
tively converted to H.S, which is absorbed in caustic soda. The 
alkali solution is then treated with acidified standard N/20-iodine 
solution and excess of iodine titrated with N/20-thiosulphate solution. 
Sulphur calculated from the iodine consumed: H,8+21=2 HI+S8. 
H. ter Meulen took 30 mg. of the substance and used ordinary macro- 


burette. 


1 C. c, N/20-iodine soln. 2 0°8 mg. of 8. 


This method was used by the present authors for the last two 
years and gave excellent results. 
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It occurred to us that using a microburette with which 0°0065 c.c. 
can be easily read and with N/100-iodine solution we can estimate 
up to 0°008 mg. of sulphur. We accordingly tried to see whether by 
slight modification this method which is very handy and accurate 
requiring barely three quarters of an hour, can be applied in micro 
sulphur estimation. 

This method has the following advantages over Pregl’s method: 

(1) Troublesome precipitation and transferance of barium sulphate 
is done away with. 

(2) The micro-balance is used only for weighing the original 
substance. 

(3) It does not require experience in micro-technics and infinite 
attention to details. 

(4) It requires 1/4th the time of Pregl’s method. 

(5) Much simpler than that of Pregl without any appreciable 
loss in accuracy. 

All weighings were done in a Kuhlmann micro-balance. In cave 
of liquids Pregl’s micro-technics of filling in a capillary were followed. 


EXPERIMENTAL. 


A diagram of the apparatus used is shown below: The apparatus 
consists of a quartz tube 40cm. in length and 10 mm. in diameter. 
8 Cm. cf the tube length are filled with platinised asbestos which 
is maintained at 700-800° by means of a small electric furnace 
16 cm. long. The asbestos layer is kept at a distance of 5-6 cm. 
from the end. The end of the quartz tube is connected by 
means of a sound velvet cork (V) well parsffined outside, with a 
larger glass tube of 20 mm. in diameter and 60 mm. in length. The 
other end is drawn out and fitted with a ground-joint (G) with the 
absorption cell. The object of the wide tube is to condense the high 
boiling hydrocarbons which may be formed in certain cases. 
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The absorption cell (A) as shown in the figure consists of a glass 
tube of 10 mm. in diameter drawn out and fitted with a stop-cock (C) 

The capacity of the cell is approximately 5 c.c. The inlet-tube 
which is fitted with the ground-joint (G) of the larg r tube 
goes through the side of the cell right up to the stop-cock (C). The 
cell is a stoppered one and just below the stopper there is a side 
tube (S) which serves as an outlet for the exit gas. 


The hydrogen obtained from pure zinc and sulphuric acid was puri- 
fied by passing successively through acid and alkaline potassium _per- 
manganate solutions and silver sulphate solution and then through 
a CaCl, tower to retain traces of the liquid mechanically carried over 
and partially to dry it. The gas-flow was regulated by means of a 
stop-cock at the rate of 1-2 bubbles per second. Rubber stoppers and 
joints were avoided as far as practicable. Velvet corks parafined 
outside were used. 2 Cc. of N/20-NaOH solution were introduced 
into the absorption cell. 

The substance was weighed in a small platinum boat and placed 
at a distance of 40 mm. from the furnace end. Hydrogen was then 
allowed to pass through the tube for 5 minutes to remove the air 
within the tube. A tiny micro-burner was then placed at a distance 
of 40 mm. from the boat and moved gradually towards the boat. 
After 10-15 minutes the burner was placed just below the boat and 
kept for 5-10 minntes. Micro-burner was then replaced by a Bunsen 
burner which was then slowly moved towards the platinised asbestos 
which had been maintained at a red heat all along. Burner was then 
removed and hydrogen current continued for another 15 minutes to 
chase the gaseous products formed. 

The absorption cell was then washed out from the top with cold 
water (boiled air-free) into a 50 c.c. stoppered Erlenmeyer flask 
containing N/100-iodine solution (10 c.c.) acidified with N/5-HCl 
(2 c. c.) 

The excess of iodine was titrated with N/100-sodium thiosulphate 
solution from a micro-burette using starch as indicator. As N/100- 
sodium thiosulphate did not keep well it was obtained by diluting 
N/10-sodium thiosulphate solution prepared according to Watson by 
making the py between 9 and 9°5 by adding 3°8 g. of borax per litre 
of the thiosulphate solution, which was found on experience to be 
quite stable. 

The following table gives a few results obtained with the appara- 
tus described above. 
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Sulphur 


a" 
Substance. Wt. of the N/100-Tg soln. Found. Cale. 
substance. consumed. 


Thioures 2°154 mg. 5°65 c. c. 41°96% 42°10% 
Thiocarbanilide 4°200 , 13°90 14°05 
Thiobenzamide 3°500 . 23°08 23°35 


1 : 4-Naphthylamine 
sulphonic acid with 
4°050 3°50 13°82 13°81 


Sulphanilic acid 
with 1 H,O 4191 4°36 16°64 16°75 


Amylmercaptan 9°600 18°34 30°56 30°77 

Diethy] disulphide 1°825 6°02 §2°79 52°46 

Dipropyl disulphide 8°259 22°04 42-69 42°66 
After 5 or 6 experiments the tube was burnt in a current of oxygen 


to regenerate the activity of the catalyst. 


InorgGanic LaBoRATORY, 


University CoLLeGce oF ScIENCE, 
CaLcurra. Received July 27, 1983. 











A Synthesis of Brazilinic Acid. 


By JNaNENDRA Nata Riy, SANToK# SINGH SILOOJA AND 
Prem Kas Wanna. 


The present structure of brazilin is dependent on the constitu- 
tion of brazilinic acid which has been synthesised by Perkin and 
Robinson (J. Chem. Soc., 1908, 98, 515) by condensing m-hemipinic 
anhydride and ethyl methoxyphenoxyacetate in very poor yield. In 
the present paper it has been found that when ethy! methoxyphenoxy- 
propionate is condensed with veratroyl chloride in presence of 
aluminium chloride there is extrusion of the ester grouping and the 
substance (I) along with (III) is produced. In view of this an alter- 
native synthesis of brazilinic acid has been described here. 





aa /\OH MeO A\OH 
| 
| 
Myo co 
\ __ COOH 
MeO OMe MeO OMe 
(I) (IT) 
O-'CH,'COOH 
HOS \OMe MeO /\ 4 
VAN V~\ 
co CO 
a \ COOH 
. \ ’ ee,” 
_— Ri caediie 
MeO OMe MeO OMe 
(IIT) (IV) 


Perkin and Robinson (loc. cit.) found that hemipinic anhydride 
condensed unsatisfactorily with resorcinol dimethyl ether to give a 
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non-crystalline (chalky) previpitate of 2-hydroxy-4:4’ :5/-trimethoxy- 
benzoylbenzoic acid (II). We have now prepared this substance from 
the ketone (I) by nitration, reduction and the subsequent replace- 
ment of N Hg by CN and finally hydrolysing the nitrileto the acid (II). 
The substance (I) was prepared by the Friedel and Crafts’ reaction 
on m-methoxyphenol with veratroyl chloride, when the substance 
(III) was also for med in the reaction in almost equal amount. The 
respective structu res were assigned after considering the ferric chlo- 
ride reactions of the two ketones. The acid (II) was condensed with 
chloroacetic acid in alkaline solution when brazilinic acid (IV), 
identical with the acid from the natural product, was obtained. 


EXPERIMENTAL. 


2.Hydrory-4 :4' :5/-trimethorybenzophenone.—A solution of ethyl 
m-methoxyphenoxypropionate (4°2g.), veratroyl chloride (4°1 g.) 
in nitrobenzene (10 c.c.) was cooled to 0° and was gradually treated 
with a solution of aluminium chloride (6 g.) in nitrobenzene (40 c. c.) 
with vigorous shaking. After standing for 12 hours, the mixture 
was decomposed and the solvent removed in steam. The sticky 
residue was treated in alcoholic solution with potassium hydroxide 
(2°56 g. in 30 c.c. alcohol) and the solution diluted with water and 
filtered. After acidification, the viscous mass obtained was crystallised 
twice from alcohol, m. p. 141°. (Found: C, 66°6; H, 5°6. C,,H,,0; 
requires C, 66°7; H, 5°5 per cent). The substance gives a deep 
violet colour with ferric chloride solution. In one experiment a 
small amount of a substance (m. p. 175°) was obtained. It is still 
under investigation but probably it is the substance (III) described 
below. The substance (m. p. 141°) is identical with the product 
obtained as below. 


Resorcinol monomethy! ether (5 g.) and veratroy! chloride (8 g.) 
dissolved in nitrobenzene (20 c.c.) were treated with a solution of 
aluminium chloride (8 g.) in the same solvent (50 c. c.) at 0°. After 
3 hours, the temperature of the bath was raised to 10-16° and left 
for 18 hours with occasional shaking. The mixture after decomposi- 
tion with ice was freed from the solvent by steam distillation and 
the non-volatile portion filtered hot. The insoluble portion crystallised 
from alcohol in pale yellow needles, m. p. 141°. The substance 
shows the strong violet ferric chloride reaction, dissolves in sodium 
hydroxide to an yellow solution and develops reddish yellow colour 
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with concentrated sulphuric acid. (Found: C, 66°5; H, 5°6. C,;gH, 605 
requires C, 66°7; H, 5° percent). The hot aqueous filtrate of 
the residue after steam distillation furnished a pale coloured cry- 
stalline deposit, mp. 175° after recrystallisation from alcohol. 
(Found: C, 66°7; H, 5°3. C,gH,,0; requires C, 66°7; H, 5°5 per 
cent). This substance (III) showsa much fainter ferric chloride 
reaction but otherwise possesses properties similar to the foregoing 
substance. 

2-Hydrozry-4 : 4’ : 5/-trimethoxy-2-nitrobenzophenone.—The sub- 
stance (I) (1 g.) was dissolvecd in acetic acid (15 c.c.) by warming to 
60-70° and then the solution cooled to 50-53°. 15 C.c. of @ 
mixture of nitric acid (d 1°42, 2 c.c.) and acetic acid (2°5 c.c.) and 
concentrated sulphuric acid (0°5 c.c.) was introduced with stirring, 
the temperature of the mixture being maintained at 48-52°. 
After 16 minutes, the nitro compound separated out and was collec. 
ted after 2 hours. Crystallised from acetic acid it had m.p. 211°. 
(Found: N, 4°5. C,gH,,;0;N requires N, 4°2 per cent). The struc- 
ture follows from the fact that on oxidation it furnishes nitrovera- 
tric acid and energetic nitration gives dinitroveratrol. 

2-Hydroxry-4 4':5/-trimethory-2-aminobenzophenone hydrochloride 
was prepared by reducing1 g. of the foregoing nitro compound 
in alcohol (100 c.c.) with stannous chloride (6 g.), tin foil (1 g.) and 
concentrated hydrochloric acid (4—5 c.c.) on the steam bath for 165 
minutes. After the removal of tin the solution was concentrated 
when the hydrochloride crystallised out. Recrystallised from alcoho- 
lic hydrochloric acid it had m.p. 240°. (Found: N, 4°2. C}gH,,0;NCl 
requires N, 4°1 per cent). 

2-Hydroxy-4 : 4! :5!-trimethoxy-2-cyanobenzophenone.—A solution 
of the foregoing amine hydrochloride (1 g.) in hot water (80 c c.) and 
hydrochloric acid (d 1°16, 1 c.c.) was cooled to 0° and treated with 
2°5 c.c. of 1% sodium nitrite solution. After treatment with potass- 
ium cuprocyanide and decomposition, the residue was extracted with 
alcohol whence the cyano compound (m.p. 152-54°) was isolated. 
This was not analysed but directly employed in the subsequent 
operation. 

2-Hydrozy-4 :4':5!/-trimethorybenzoylbenzoic acid (II) —An alco- 
holic solution of the cyano compound isolated in the above ex- 
periment was heated with 10 c.c. of 30% sodium hydroxide solution 
on the steam-bath for 3-4 hours. After the removal of alcohol, the 
diluted solution was acidified and the precipitated acid was finally 
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crystallised from hot 80% acetic acid, m.p. 203°. (Found: 
U, 61°22; H, 4°68, C,,H,,0; requires C, 61°44; H, 4°8 per cent). 

Brazilinic acid (IV).—(A) 2-Hydroxy-4 : 4! :5/-trimethoxy-2-cyano- 
benzophenone (0°1364 g.) in water (5 ¢.c.) and 1%sodium hydroxide 
solution (1°75 c.c.) was treated with chloroacetic acid (0°047 g.) 
in water (5c c.), neutralised by sodium carbonate and refluxed for 
7 hours, on the steam-bath. Finally concentrated hydrochloric 
acid (6 c.c.) was added and heated for further half an hour. After 
the removal of alcohol, the solids obtained were dissolved in baryta 
solution till the resulting mixture was slightly alkaline. The filtrate 
was treated with exact amount of sulphuric acid, boiled with a 
littie acetic acid and filtered,. From the filtrate, a substance, m.p. 
208°-209° was isolated which revealed no difference when compared 
with brazilinic acid obtained from the oxidation of trimethy]- 
brazilin and had mixed m.p. 209°. It also developed the character- 
istic red colour with sulphuric acid. 

(B) 2-Hydroxy-4 : 4’ :5/-trimethoxybenzoylbenzoic acid (II) (0°4 g.) 
in water (10 c.c.) was neutralised with sodium hydroxide solution 
(7°6 c.c. of 1%). To this a neutralised solution of chloroacetic 
acid (0°15 g.) in water ‘5 c.c.) was added and the mixture heated on 
the steam bath for 7 hours. After acidification the product was 
crystallised from hot dilute acetic ccid, m.p. 208-209° and disclosed 
no difference when compared with the natural and synthetic bra- 
zilinic acid as described above. 


Tue University CHEMICAL LABORATORIBS, 
Lawors. Received August 7, 1983 














Halogenation of the Condensation Products of Alkyl- 
o-toluidines with Chloral Hydrate and the Nitration 
of the Resulting Compounds. 


By A. H. ADVANI. 


With a view to study the nature of the reactions involved in the 
nitration of chloral derivatives of phenylalkylamines in which both 
the ortho positions to the amino group are occupied, bromination 
of the chloral derivatives of alkyl-o-toluidines (I, R= Me or Et) was 
carried out. 


Me M Me 
“\nd \CHOH ‘CCl, “\nd cit0cOCH, ‘CCl, 
H Ac 

; Br 


(I) (II) 


Bromine with (I) at ordinary or increased temperatures, with or 
without iodine as carrier, yielded only monobromo compounds. 
The position of the bromine atom was established from the fact 
that these monobromo compounds yielded diacetyl derivatives indi- 
cating that both chloral and the amino groups are not affected by 
the action of bromine. Moreover, the action of alkaline potassium 
permanganate on the diacetyl] derivative of the monobromo compound 
(II) which should give a dibasic acid containing no bromine atoms if 
the latter entered the methyl group attached to the nucleus, yielded 
instead a ketonic acid (III), m.p. 201° containing bromine. 


(III) 


These reactions together with the work on the bromination of 
aromatic amines by Fries (Annalen, 1906, 346, 128) indicate that 
as in nitration, the bromine atom enters the nucleus in the ortho 
position to the amino group. With chlorine, products similar to 
the bromo compounds described above, were obtained. In this 
instance the basic chloral compounds gave impure substances, hence 
their hydrochlorides were taken for the reaction. he resulting 
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hydrochlorides were converted into the corresponding bases with 
ammonia. As with bromo compounds, the acetylation gave diacetyl 
derivatives. 

Nitric acid with the halogenated products of the type (I!) yielded 
bromo- and chloro-chloralphenylalkylnitroamines (IV, X=Br or Cl) 


R Me M. Me 
e EE 
Yd CHOH:CCl, x4 \CHOH'CCl, 
No.4 \—— NO, 
x 


NO, 
(lV) (V) 


The constitution is confirmed by acetylation when the acetyl group 
enters the chloral side chain only. 

When the nitration product (V) was heated with thiony! chloride, 
the hydroxy] group in the side chain was replaced by chlorine. 

Hence from the study of the nitration of chloral derivatives of 
(i) alkylanilines. (ii) alkyl-o-toluidines (cf. Advani and Wheeler, 
Rec. trav. chim.. 1983, 42, 257), and (iii) the halogenation products 
of the latter at ordinary temperature without the use of a diluent, 
it was found that the compounds of the type (i) yielded chloral 
dinitrophenylalkylnitroamines, those of the type (ii) gave chloral 
mononitrophenylalkylnitroamines and the last only chlorophenyl- 
alkylnitroamines, the number of the entrant nitro groups depending 
upon the presence of replaceable hydrogen in the ortho position to 


the amino group. 
EXPERIMENTAL. 


2-Methyl-4-(a-hydrozy-8-trichloroethyl)-6-bromo-N-methylaniline. 
—p-(a-Hydroxy-8-trichloroethy])-o-methyltoluidine (15 g.) and bromine 
(4°65 g.) were reacted in carbon tetrachloride solution. The 
resulting precipitate was filtered, washed with carbon tetrachloride 
and crystallised from dilute methyl alcohol in clusters of needles, 
m.p. 160°, yield 16°5 g. (C,)9H,,ONCi,Br requires Halogen, 53°7. 
Found: Halogen, 53°5 per cent). 

The foregoing substance on acetylation gave clusters of prismatic 
needles from dilute ethanol of 2-methy]-4-(a-acetoxy-8-trichloro-ethy]) 
-6-bromo-N-methylacetanilide, m. p. 130°. (C,,H,,;0;NCI,Br 
requires Halogen, 43°2. Found: Halogen, 429 per cent). 

8-Methyl-4-(N-acetylmethylamino)-5-bromophenylketonic acid.— 
The diacetyl derivative (10 g.) was treated at 100° with excess of a 
mixture of 5% potassium permanganate solution. The filtrate from 
the precipitated hydrated manganese dioxide, evaporated to half its 
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bulk, when acidified with strong hydrochloric acid, gave a product 
which crystallised from boiling water in feathery plates, 
m. p. 201°. (Found: Br, 25°2. C,2H,,0,NBr requires Br, 25°5 
per cent). 

2-Methyl-4-(a-hydroxy-B-trichioroethyl)-6-bromo-N-ethylaniline.— 
p-(a-Hydroxy-8-trichloroethy])-o-ethyltoluidine (10 g.) was treated 
with bromine (2°8 g.) and crystallised from dilute alcohol, m.p. 115°, 
yield 11°2g. (C,,H,,ONCI,Br requires Halogen, 51°6. Found: 
Halogen, 51°4 per cent). 

The foregoing substance formed acetyl derivative as hexagonal 
plates from dilute methyl! alcohol, m.p. 150-52°. (C,,H,;O,NCI1,Br 
requires Halogen, 41°8. Found: Halogen, 42°1 per cent). 

2-Methyl-4-(a-hydrozy-B-trichloroethyl)-6-chloro-N-methylaniline.— 
The powdered hydrochloride of p-(a-hydroxy-8-trichloroethy])-o- 
methyltoluidine (16 g.) was suspended in dry benzene (50 c.c.) and 
dry chlorine passed through the mixture under stirring for } hour, 
yield 12 g. The base was obtained by treatment with ammonia and 
crystallised from dilute methy! alcohol, m.p. 132-33°. (Found: Cl, 
47°1. Cy 9H,,ONCI, requires Cl, 46°9 per cent). 

The acetyl derivative crystallised from dilute methyl alcohol, 
m.p. 112°. (Found: Cl, 38°5. C,,H,,;0;NCl, requires Cl, 38°3 
per cent). 

2-Methyl-4- (a-hydrozy- B -trichloroethyl)-6-chloro-N-ethylaniline.— 
The powdered hydrochloride of p-(a-hydroxy-§-trichloroethy])-o- 
ethyltoluidine (20 g.) was treated with chlorine. The hydrochloride 
thus obtained wa; basified with ammonia and crystallised from 
dilute methyl alcohol as prismatic needles, m.p. 116-17°, yield 14 g. 
(Found: Cl, 44°6. C,,H,,;ONCI, requires Cl, 44°8 per cent.). 

The acetyl derivative crystallised from dilute methyl alcohol, 
m.p. 155-66°. (Found: Cl, 35°2. C,,;H,;O,NCl, requires Cl, 35°4 
per cent). 

2-Methyl-4-( a-hydroxy-B-trichloroethyl-6-bromophenyl ) -N-methyl- 
nitroamine,—2-Methyl- 4 -( a-hydroxy- @ -trichlorvetby!)- 6 -bromo-N- 
methylaniline (5 g.) was treated with strong nitric acid (15 c.c.). 
The filtered precipitate was kept in vacuuo over alkali for 48 hours 
and crystallised from dilute ethy! alcohol as prismatic needles, m.p. 
230° (decomp.), yield 5g. (CygH,9O;N9Cl;Br requires Halogen, 
47°5. Found: Halogen, 47°2 per cent). 

The acetyl derivative crystallised from dilute methyl alcohol, m.p, 
107°. (Cy9H,,0,N2Cl,Br requires Halogen, 42°8. Found: Halogen, 
42°6 per cent). 
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2-Methyl-4- ( a-hydrozy-8-trichloro ethyl ) - 6-bromophenyl-N-ethyl- 
nitroamine,—2-Methy1-4-(a-hydroxy-8-trichloroethy])-6-bromo-N-ethyl- 
aniline (5 g.) when treated with strong nitric acid furnished after 
crystallisation from dilute ethyl alcohol thin needles, m.p. 198° 
(decomp.), yield 4g. (C,,H,,0;N.2Cl,Br requires Halogen, 45°9. 
Found: Halogen 45°5 per cent.). 

The acetyl derivative crystallised from dilute methyl alcohol, 
m.p. 127°. (C,3;H,,O,N.Cl,Br requires Halogen, 41°6. Found: 
Halogen, 41°7 per cent). 

2-Methyl-4- ( a-hydroxy-f-trichloroethyl )-6-chlorophenyl-N-methyl- 
nitroamine,—2- Methyl- 4-(a-hydroxy- 8-trichloroethy])- 6-chloro- N-me- 
thylaniline (6 g.) was treated with warm strong nitric acid (6 c.c.). The 
crystalline nitroamine which separated on cooling, crystallised from a 
mixture of acetone and dilute ethyl alcohol as clusters of small 
needles which change colour at 210° and deeompose at 230°, yield 
4°5 g. (Found: Cl, 40°5. C)}9H; 9O3N Cl, requires Cl, 40°8 per cent). 

The acetyl derivative crystallised from dilute ethyl alcohol as 
clusters of needles, m.p. 113°. (Found: Cl, 361. C,;.H,90,N,Cl, 
requires Cl, 36°4 per cent). 

2-Methyl-4- ( a-hydrozry-B -trichloroethyl) -6-chloro-phenyl-N-ethyl- 
nitroamine.—2-Methy]-4-(a-hydroxy-8-trichloroethy] )-6-chloro-N-ethy]l- 
aniline was treated with strong nitric acid and the mixture heated until 
nitrous fumes began to evolve when the solid nitroamine separated. 
It crystallised from a mixture of acetone, methyl] alcohol and water 
in thin needles, m.p. 181°. (Found: Cl, 39°0. C,,H,203;N,Cl, 
requires Cl, 89°2 per cent). 

The acetyl derivative crystallised from dilute methyl alcohol in 
clusters of colourless needles, m.p. 132°. (Found: Cl, 35°0. 
C,3H,40,N Cl, requires Cl, 35°1 per cent). 

2-Methyl-4-(a-chloro- B-trichloroethyl)-6-nitrophenyl-N-methylnitro- 
amine.—2-Methy]-4- ( a-hydroxy- 6 -trichloroethy] ) - 6-nitrophenyl-N- 
methylamine (3 g.) was treated with thiony! chloride (15 c.c.) and the 
mixture refluxed on a water-bath at 50° for 3 hours. After removal 
of thiony! chloride, the thick liquid solidified in vacuuo over alkali. It 
crystallised from absolute alcohol, m.p. 199°. (Found: Cl, 29°6. 
C19H,0,4N3Cl, requires Cl, 29°9 per cent). 


OrcaNic CHEMISTRY DEPARTMENT, 
Roya InsTITUTE oF SCIENCE, Received April 21, 1933. 
Bombay. 











On the Thiosulphato-tetrammine-cobaltic Series. 
Part II. Constitution of Duff's Salt. 




























By Buapeso CHANDRA Ray AND Putin Binart SARKAR. 


By the action of barium thiosulphate on a hot solution of carbo- 
nato-diethylenediamine-cobaltic bromide Duff (J. Chem. Soc., 
1922, 121, 450) obtained a thiosulphato-diethylenediamine-cobaltic 
bromide to which he gave the following constitution evidently on 


Eng 
Co $,0; Br, 3H,0 
(1:2) 


the assumption that S,O, radical, divalent as it is, has substituted 
the CO; group and has taken up two contiguous co-ordination 
positions. This view on the constitution of the above salt was not 
substantiated by any other proof. 

The present authors have prepared the sulphate and nitrate of 
this series firstly, by double decomposition of Duff’s salt with 
Na,SO, and KNO, and secondly, by the action of ethylenediamine 
on the corresponding trans-thiosulphato-aquo-tetrammine-cobaltic 
salts (Sarkar and Das-Gupta, J. Indian Chem. Soc., 1930, 7, 885). 
The products were identical and invariably contained water 
molecules in their composition. 

Thus the sulphate was found to be Coglin,(S,03).50,, 2 H,O 
and nitrate, Co Eng(S,0;) (NO;), H,O. 

Two more salts of this series, namely the iodide and the thio- 
ya gg have been prepared, having the molecular formule respec- 
tively, 

CoEn,(8,0;)I, H,O and Co Eng (8,05) (SCN), 2H,0. 

The invariable presence of two molecules of water in the com- 
position of the sulphate and one molecule in the composition of 
nitrate and iodide are rather significant. 

These compounds do not lose any water on drying over H,SO, 
in vacuum. It is difficult, a priori, to decide whether they are 
water of constitution or of crystallisation. 


7 
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In order to decide this, we have taken recourse to analogy. 
Ray and his co-workers have prepared the compounds of thio- 
sulphato-pentammine-cobaltic ion (J. Indian Chem, Soc., 1927, 4, 64) 
as well as isomeric thiosulphato-pentacyano-cobaltic acids and their 
salts (ibid., 1927, 4, 325; Z. anorg. Chem., 1931, 199, 353), where 
S,0, radical has taken up one co-ordination position only. 

Sarkar and Das-Gupta (loc. cit.) obtained, by the action of 
sodium thiosulphate on either cis-chloro-aquo or trans-dichloro- 
tetrammine cobaltic salts, trans-thiosulphato aquo-‘etrammine series 
where also S,O3 radical was proved to occupy one co-ordination 
position. 

By the action of sodium thiosulphate on cis- and trans- dichloro- 
diethylenediamine-cobaltic chlorides, the authors have obtained two 
isomeric dithiosulp!ato-diethylenediamino-cobaltiates of sodium, the 
former in red-violet needles and the latter in green rhombic plates. 

The constitution of these salts are apparent from their synthesis 
They may be represented as: 


ls 8,05 ] l 820; | 
Na Co Eng | and Na Co Eng 
(2) S,0; (6) S20; 


Red-violet needles. Green plates. 


In the above compounds thiosulphate radical has taken up, as is 
evident, only one co-ordination position. Molecular conductivity 
proves it to behave as a binary electrolyte. 

The most interesting phenomenon observed in this case is the 
rapid transformation of the cis into trans modification, decidedly 
the stabler isomer. The transformation, in fact, was so rapid that 
the red-violet needles spontaneously changed into green plates even 
on exposure to air on microscope slides. 

The cis variety was extremely hygroscopic and could only be kept 
in perfectly dry atmosphere. 

The reciprocal transformation of green to red-violet salt can be 
effected in the following way :—The green solution is converted to 
pink red on adding NaOH from which by means of alcohol the red- 
violet salt can be obtained. 

Ray and Maulik (loc. cit.) have simultaneously discovered these 
series by a totally different method (private ‘communication). 

We tried to | prepare thiosulphato-complexes of the diammine 
series by the action’ of NagS,O, on dichloro-diaquo-diamino- 
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cobaltic chloride where a green compound was obtained in which the 
ratio of Co : S was found to be approximately 8°3. The ratio is 
slightly high. All attempts to isolate the pure salt failed, the salt 
spontaneously decomposing. The sodium salt separates out as an 
oil on adding alcohol from which it gradually crystallises. 

The ratio of Co : 8 (1 : 8°3) indicates the probable composition 
Na; [Co (8,03), (NH3)2], HgO. Evidently the thiosulphate radical 
has taken up one co-ordination position. 

Moreover, the direct synthesis of Duff’s salt from trans- thiosul- 
phato-aquo-tetrammine-cobaltic salts and ethylenediamine: speaks in 
favour of 8.0, occupying one co-ordination position. From the 
colour of the salt it may be inferred that it is a cis compound. In 
the acido-tetrammine and diethylenediamine series the trans com- 
pounds are generally green whereas the cis compounds are violet to 
red-brown. ‘The present compound is red-brown. 

Whatever may be its constitution, be it cis- thiosulphato-aquo as 
suggested by us or cis- thiosulphato as given by Duff, it should be, 
according to theory, resolvable into optically active antipodes. 

In our attempt to resolve Duff’s salt with d-bromocamphor sul- 
phonate as the active anion, we found the resulting sparingly soluble 
compound not to contain S30; radical. In fact, the co-ordinated 
S,0; group is so very susceptible to hydrolysis that in course of 
double decomposition it comes out of the complex. This lends 
further support to our view that Duff's salt is a derivative of the 
monothiosulphato-aquo cation of the constitution 


ya 8,0; | 
Co Eng 
(2) H,O 


+ 
and not of [$20.cu0 | as supposed by Duff. 
1:2 


Salts of the sulphato-tetrammine series have not yet been prepared. 
Job (Bull. Soc. chim. Belg., 1923, 38, 4) has definitely proved that 
the so-called sulphate-tetrammine series are really sulphato-aquo- 
tetrammine compounds. 

Duff (J. Chem. Soc., 1922, 121, 52) claims to have prepared 
sulphato-diethylenediamine-cobaltic bromide from (CO; Co En,)Br 
with H,SO,. 
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{ 


The constitution proposed by him is [s0, Co Ea, | Br, H,0. 


The invariable presence of one molecule of water is signi- 
ficant. In the light of Job’s work certainly it is sulphate aquo 
compound. 

Theoretically, there should be another isomer of Duff’s salt of the 


constitution 

(1) 8,0; 

Co Eng Br, 2H,0. 
(2) HO 


Attempts to isolate it were unsuccessful, only cis compound was 
obtained. Similar observations were made by Werner during his 
study of the chloro-aquo and bromo-aquo-diethylenediamine series, 
only the cis salts were isulated. 

Thus, in view of the facts cited above, Duff’s salt should be 
represented by the formula 


| (1) S20; ] 
Co Eng Br. 
(2) H,O 


EXPERIMENTAL. 


Thiosulphato-diethylenediamine-cobaltic bromide (Duff salt) was 
prepared according to the direction of Duff (loc. cit., p. 450) by the 
action of barium thiosulphate on carbonate diethylene-diamine-cobaltic 
bromide, prepared by the method of Werner (Annalen,, 1912, 386, 
100). 

Thiosulphato-aquo-diethylenediamine-cobaltic nitrate.—Duft's salt 
(4°25 g.) was dissolved in water (15 c.c.) and filtered, solid KNO, 
(2 g.) was added to the filtrate. On stirring and keeping in ice-bath 
dark-brown plates were obtained which were drained and washed 
with a little iced water. They were then recrystallised from water by 
evaporation in a vacuum over H,SO,. The salt was washed with 
absolute alcohol and dried in the air, yield 1°2 g. (Found: N, 18°92; 
8, 17°29; Co, 15°95. Co’S,0,;°Eng, H,O requires N, 18°87; 8S, 17°25; 
Co, 15°90 per cent). 

Thiosulphato-aquo-diethylenediamine-cobaltic sulphate.—Duff's salt 
(4°25 g.) was dissolved in 15 c.c. of water. ‘To the clear solution of 
Na,SO, (2 g.) was added and stirred while keeping in ice-bath. 
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Dark brown plates were obtained. They were then drained and 
recrystallised as before, yield 1g. [Found: S, 22°35 ; Co. 16°56 
(Co’S,0,,"Eng*'H20), SO, requires S, 22°41; Co, 16°52 per cent]. 

Thiosulphato-diethylenediamine _cobaltic-iodide.— Duff’s salt 
(4°25 g.) was dissolved in the least quantity of water and finely 
powdered KI (1°7 g.) was added to the solution. Immediate preci- 
pitation of brown iodide took place. The mixture was stirred and 
kept in the ice-bath. After sometime the crystals were drained, 
washed first with a little ice water and then successively with 50% and 
75% alcohol and finally with absolute alcohol. The salt was recrys- 
tallised from water in a vacuum, yield 2°1g. [Found ; N, 12°82; 
I, 29°02; S, 14°5'; Co, 13°57. (Co’S,0;°Eng°H,O)I requires N, 
12°82; I, 29°12; 8S, 14°68; Co, 13°53 per cent. ]. 

Thiosulphato-aquo-diethylenediamine-cobaltic thiocyanate.—Duft’s 
salt (4°25 g.) was dissolved in the minimum quantity of water and to 
it was added KSCN (1°5 g.). The mixture was kept in ice-bath. The 
crystals were drained, washed with dilute alcohol and finally with 
absolute alcohol. They were then crystallised as before, yield 1°4 g. 
[Found :N, 18°0; 8, 25°0; Co, 15°16. (Co’S,0;"En,'H,0) SCN, H,O 
requires N, 18°18 ; 8, 24°93 ; Co, 15°32 per cent]. 

Synthesis of Duff’s salt from trans-thiosulphato-aquo-tetrammine- 
cobaltic bromide.—trans-Thiosulphato-aquo-tetrammine-cobaltic bro- 
mide (3°37 g.) prepared according to Sarkar and Das-gupta (loc. cit.) 
was treated with ethylenediamine solution (12 c.c. of 10%) and 
stirred. Strong smell of NH, was observed. After the elimination 
of NH; deep brown coloured plates were obtained. They were then 
drained, washed with a little iced water and finally with absolute 
alcohol. They were then recrystallised. [Found: N, 13°04; Br, 
18°66 ; S, 15°19; Co, 13°80. (Co*S,0,’En,'H,0) Br, 2H,O 
requires N, 13°17 ; Br, 18°80 ; 8, 15°09; Co, 13°88 per cent]. 

trans-Dithiosulphato-diethylenediam ine-cobaltiate of sodium.—To 
an ice-cooled saturated solution of trans-dichloro-diethylenediamine 
cobaltic chloride (5 g.) a cold saturated solution of NagS2Oy (15 g.) 
was added. The mixture was kept in an ice-chest for1 hour. The 
shining green plates were then drained, washed first with dilute 
alcohol and finally with absolute alcohol. They are rhombic plates, 
soluble in water. [Found: N, 15°52; 8, 29°86 ; Co, 13°78; Na, 
5°54. {Co’ (S203), Eng} Na requires N, 15°54 ; 8, 30°04 ; Co, 18°85; 
Na, 5°89 per cent). 
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cis-Dithiosulphato-diethylenediamine-cobaltiate of sodium.—To an 
ice-cold saturated svlution of cis-dichloro-diethylenediamine-cobaltic 
chloride (6 g.) was added a solution of NagS,0; (15 g.) (made 
slightly alkaline with NaOH solution). The mixture was kept in an 
ice-bath. Red-violet needles separated, they were rapidly filtered, 
washed first with 50% and then with absolute alcohol. The salt 
was dried in a vacuum desiccator containing a little Am,CO,;. The 
red-violet needles on exposure to air spontaneously change into 
green plates at the ordinary temperature. [Found: N, 15°30; 8, 
29°91 ; Co, 13°80; Na. 5°26. Na Co*(8,03), En, requires N, 15°54 ; 
S, 30°04 ; Co, 13°85 ; Na, 5°39 per cent]. 

Attempt to prepare tetrathiosulphato-diamine salts of cobalt. 
—To a well cooled solution of dichloro-diaquo-diamine-cobalt 
chloride, prepared according to Werrer (Ber., 1906 39, 1540) from 
Edmann’s salt, was added a cold saturated solution of Na gS .O3 
(calculated amount). The mixture was kept in an_ice-chest. 
Immediately on mixing a green scum separated. This was rapidly 
separated by filtration and to the cold filtrate an excess of cooled 
alcohol was added. A green oil separated which was removed by 
means of a separating funnel. It was redissolved in water and frac- 
tionated by means of alcohol. Finally the oil was crystallised on 
stirring with large excess of absolute alcohol. 

On examination through microscope the salt appeared uniform. 
The salt is very unstable and begins to decompose when dry. 
The still moist salt was analysed. The ratio of Co : S was found 
to be 1: 8°3. Qualitative analysis showed the presence of sodium 
and ammonia. 

In any case, the ratio found corroborates the formation of tetra- 
thiosulphato-diamine-cobaltiate ion and strongly suppcrts our views 
that S,0, radical in complex cobaltiammines takes up only one co- 
ordination position. 


Inorcanic CHEMISTRY LABORATORY, 
Untversity CouLece or SCIENCE, Received August 3, 1933. 
CALCUTTA. 

















The Decomposition of Thiosulphato-pentacyano-cobaltic 
Acid and the Isomerism of Thiosulphuric Acid. 


By Priyap: Rangan Riy. 


A report about the isolation of two isomeric modifications of the 
complex thiosulphato-pentacyano-cobaltic acid was published some 
two years ago (Ray, Nature, 1931, 127,856 ; J. Indian Chem. Soc., 
1931, 8, 8307) ; and a detailed account of the preparation, properties 
and constitution of the two modifications was given in a subsequent 
paper in the same year (Ray and Maulik, Z. anorg. Chem., 1931, 199, 
353). 1t was shown that the isomerism of the two acids is due 
to a difference in the constitution of the 8,0,” radical contained 
in them, since, on hydrolysis, the two complex acids give rise to 
different varieties of thiosulphuric acid ; of which one decomposes 
as usual into S and H,SOz;, while the other gives HS and 8O,. 
The two cemplex acids were termed normal and iso-acids respectively, 
and the correspooding thiosulphuric acids resulting from their 
hydrolysis asa- and 8-thiosulphuric acids. These facts, as already 
shown (Ray and Maulik. loc. cit.), can be represented by the follow- 
ing equations : 

O 
I. H,[(CN);°'Co‘0°S,0,] +H,O—>Hg[(CN);"CoOH,]+0 son 


I 
) 


Normal acid. Pa a-Acid, 


O 
ll 
II. H,[(CN),’Co‘S'S0,] —> Hy{(CN),°Co'OH,] + HO-S—SH 


ll 
iso-Acid O 


VA B-Acid 


- H;0 
H;8+S0,——> H,8+H,80, 


S% “ ,0+80,+8 
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A quantitative study of this hydrolytic decomposition has also 
been made and this forms the subject matter of the present paper. 
The results obtained definitely support the above representation and 
confirm the constitution previously suggested for the two varieties 
of the acid. 

The decomposition of the iso-acid was quantitatively studied by 
distilling the solid acid with dilute HCl. The liberated H,S gas 
was absorbed in an ammoniacal cadmium salt solution. The precipi- 
tated CdS was dissolved in an excess of standard iodine solution, 
and the amount of sulphidic sulphur (HS) was estimated as usual. 

A yellowish brown slimy residue was left behind in the distilling 
flask. This was filtered and the amout of sulphuric acid (SO.,) in the 
filtrate was estimated as BaSO,. 

The yellowish brown slimy residue, on treatment with NaOH 
solution, gave a bluish green residue of Co (OH) gand a filtrate contain- 
ing [Co (CN),]” ion. The slimy residue also contained free S as was 
proved by digestion with KCN solution and then testing for KSCN 
with FeCl;. This proves that the slimy, yellowish brown residue 
is acobaltous cobalticyanide. The Cobaltous compounds evidently 
resulted from the decomposition of the aquo-pentacyano-cobaltic 
acid, one of the products of hydrolysis of the complex iso-thiosul- 
phato-pentacyano-cobaltic acid. 

The filtrate from the slimy precipitate contained a simple cobal- 
tous salt as CoCly or CoSO,. 


RESULTS. 
I. A sample of the iso-acid containing 18°3% Co gave on distilla- 
tion with HCl: 
8” (sulphidic)=4°14%; 8S (as SO,”)=9°2%. 
“. Co : 8 : S(S0,”)=1 : 0°42 : 0°935. 
II. Another sample containing 17°56% Co gave on distillation 
with HC: 





8” (as H,S8)=5°38% ; S (as SO,”)=9'1%. 
.. Co : 8”: S (SO,”")=1 : 0°56 : 0°95. 
III. A third sample containing 16°15% Co gave on distillation 


with acid : 
8” (as H,S)=5°64% ; 8 (as SO,")=8' 1%. 
*, Co : 8” : 8(SO,”)=1 : 0°642 : 0°923, 
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The cobalt in the filtrate from the slimy precipitate was determin- 
ed after precipitation of H28O,. It contained 9°8 Co, i.e., about 
60°7% of the total Co present in the iso-acid. 

Similar results were obtained by distillation with water alone for a 
somewhat longer time. 

The variation in the percentage of total Co in the different 
samples of the iso-acid was due tothe difference in the water of 
hydration of the acid, (cf. Ray and Maulik, loc. cit.). 


Discussion, 


Considering the equation II for the hydrolysis of the iso-acid, it 
follows that the proportion of Co : S” : S(SO,”) should be 1: 1: 1. 
The estimated value for S as SO,” in all the samples examined is 
in fair agreement with this ratio, though the result is always lower 
(about 5°7%). This can be accounted for by the fact that the solid 
iso-acid undergoes a slight decomposition at the laboratory tempera- 
ture (25-27°) with separation of S and SO, (vide equation II). 

The amount of sulphidic sulphur has not been found to exceed 
64% of the theoretical value. This has to be accounted for. The 
sulphur present in the slimy precipitate evidently makes up this 
deficit, and the appearance of about 60% of the total Co of the 
iso-acid as Co” in the filtrate from the slimy residue, as well as the 
formation of cobaltous cobalticyanide, are in perfect agreement with 
this fact. This becomes clear when we consider the decomposition 
of aquo-pentacyano-cobaltic acid, one of the primary products of 
hydrolysis of the iso-acid. The aquo-pentacyano-cobaltic acid, being 
not a very stable compound, undergoes decomposition in the boiling 
solution. 


2H[Co(CN);H,0] —> H,[Co(CN),«]+Co(CN); +HCN+2H,0 


In the boiling solution, cobaltic cyanide decomposes into cobaltous 
sulphate and oxygen, or into cobaltous chloride and chlorine in the 
presence of HCl. The oxygen or the chlorine liberated acts upon 
H.8 which is thus oxidised to S and H,O. The sulphuric acid and 
hydrogen sulphide are produced by the hydrolysis of 8-thiosulphuric 


acid. 
2 Co(CN), + 2H,8O, + H,O = 2CoSO, + 6HCN + O 


or Co(CN), + 8HCl = CoCl, + 8HCN + Cl 
3 Co+ 2[Co** (CN)g]” = Cos[Co (CN)g]o 
8 
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The presence of Co * * in the filtrate from the slimy precipitate and 
of S in the latter, as well as the defect of sulphur in the distillate, are 
thus clearly explained. The nature and composition of the slimy pre- 
cipitate also agrees perfectly with this representation. 


Bassett and Durrant (J. Chem. Soc., 1927, 1416) have come to 
the conclusion that thiosulphuric acid decomposes according to the 
three reversible reactions : 


H,8,0, = H,80, + NS] 
2H,8,0, ee H,s + H,8,0, 
2H,8,0; = H,O 5 H,8,0, 


Foerster (Z. anorg. Chem., 1928, 177, 61) however, disagrees with 
the view that thiosulphuric acid leads to the formation of trithionic 
acid and H,S by decomposition. Recently Prakke and Stiasny (Rec. 
trav. chim., 1983, §2, 615) have shown that the decomposition of 
thiosulphuric acid proceeds in two directions depending on the p, 
value of the solutlon: (1) formation of S and H,SO, and (2) forma- 
tion of polythionates, mainly 8,0,” (pentathionate). 


They too, therefore, disagree with Bassett and Durrant’s view (loc. 
cit.). Inno case they have found that ordinary thiosulphuric acid give 
more than traces of H,S by decomposition in solution. The libera- 
tion of H,S from thlosulphuric acid under any circumstance is attri- 
buted by them to the isomeric form of thiosulphuric acid. 


As a result of experimental observations regarding the decomposi- 
tion of the above described complex acid, it can be concluded that 
thiosulphuric acid is capable of existence in two different isomeric 
forms, a- and f£-modifications. Of these the a-form decomposes as 
usual into H,SO, and S, whereas the §-form gives rise to H,S and 
H,SO, on decomposition. Because, in the experiments described 
above, almost quantitative formation of HySO, cannot be accounted 
for according to Bassett and Durrant’s second equation, unless it is 
assumed that the whole of the thiosulphuric acid decomposes in the 
sense of their second equation into H,gS and H,8,0¢, and the latter 
(H,S,0,) is then quantitatively hydrolysed into H,SO, and H,S (ef. 
Bassett and Durrant, loc. cit.) as follows: 


H,8,0, + 2H,0 = H,S + 2H,S0, 
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That trithionic acid will thus completely hydrolyse in boiling acid 
solution without giving SO, and S is rather unlikely, and direct 
evidence thereto is completely lacking. 

Even assuming, after Bassett and Durrant, that thiosulphuric 
acid can decompose into H,S and H.SO, through the intermediate 
formation of H,S,0,, a complete quantitative decomposition of this 
type will naturally justify the conclusion that thiosulphuric acid can 
exist in a second isomeric modification differing from the usual form, 
which decomposes more or less quantitatively into H,SO, and S. 
The constitution of these two modifications has already been dis- 
cussed in previous contributions (Ray, loc. cit.). 


CuemicaL LABORATORY, 
University CoLLece or Science, Received August 14, 1933. 
CALoUTTA. 
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Studies in the Naphthathiazole Series. Part II. 
The Methylation of 1-Anilino-a-naphthathiazole 
and of 1-p-Bromoanilino-a-naphthathiazole. 
The Aromatic Character of the Hetero- 
cyclic Nucleus in a-Naphthathiazoles. 


By Magmupur RawaMN Coowpagury, Rancu#opJ1 Dasipaal 
Desal AND Ropert Feraus Hunter. 


It has been shown that on methylation, 1-amino-a-naphthathiazole 
(I «+ II) reacts exclusively in the amino phase yielding 1-imino- 
2-methy]-1 :2-dibydro-a-naphthathiazole (III), unaccompanied by any 
detectable quantity of the isomeric methylamino-a-naphthathiazole 
(IV) (Hunter and Jones, J. Chem. Soc., 1980, 941). 


A - 


&—¢-NH, S—C:NH 
(1) (1) 
aes 8 
O10 eK NMe :NH C1oHe€ Po NEMe 
(11) (IV) 


In the benzthiazole series, the reactivity of the semicyclic ami- 
dine system is also almost entirely in favour of the aminothiazole 
phase (Hunter, J. Chem. Soc., 1926, 1885; Hunter and Styles, 
ibid., 1928, 3019; Hunter and Pride, ibid., 1929, 943). The introduc- 
tion of a conjugated substituent such as the phenyl nucleus of 
the anilino grouping in 1-anilinobenzthiazole, however, enables the 
extra nuclear nitrogen atom of the triad system to compete with 
the heterocyclic nucleus for the double bond, with the production 
on methylation, of a mixture of isomeric methy! derivatives derived 
from both phases of the tautomeric system. This effect is 
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further enhanced by the presence of a p-bromosubstituent in the 
anilino grouping, since 1-p-bromoanilinobenzthiazole methylates 
apparently exclusively in the iminodihydrothiazole phase, yielding 4/- 
bromo-1-phenylmethylaminobenzthiazole (Hunter and Jones, J. Chem. 
Soc., 1980, 2190). 

It was, therefore, of interest to examine the effect of replacement 
of a hydrogen atom of the amino group in 1-amino-a-nap hthathiazole 
by a phenyl radical on the reactivity of the semicyclic amidine 
towards alkylating agents, and the methylation of 1-anilino-a- 
naphthathiazole (V <+ VI) was investigated. On methylation by 
means of methyl iodide under conditions similar to those used in the 
case of 1-amino-a-naphthathiazole, however, this base reacted com- 
pletely in the amino phase (V) yielding 1-phenylimino-2-methyl- 
1:2-dihydro-a-naphthathiazole (VII); no trace of the isomeric 
methylaminonaphthathiazole (VIII), which has been synthesised from 
1-chloro-a-naphthathiazole and methylaniline, being capable of 
detection. 


= 
N NCH] 
: ‘N[H]Ph S—C:NPh 
(V) (VI) 
s 
©10HeK ill Yc: NPh CoH ¥ Do'NMePh 
(v1) (VII) 


Since the attraction of the phenyl nucleus for the af-double bond 
in 1-anilino-a-naphthathiazole is evidently insufficient to overcome 
the effect of internal aromatic conjugation of the heterocyclic ring, 
the investigation was extended to the 1-p-bromoanilino derivative 


(IX <> X). 


008K DONE ¢ sr SE aL Br 


(TX) (X) 
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1-p-Bromoanilino-a-naphthathiazole, however, behaved similarly to 
1-anilino-a-raphthathiazole and methylated exclusively in the amino 
aromatic form (IX), yielding 1-p-bromophenylimino-2-methy!-1 :2- 
dihydro-a-naphthathiazole unaccompanied by any detectable quantity 
of 1-p-bromophenylmethylamino-a-naphthathiazole. 

It is, therefere, evident that neither the anilino substituent in 
1-anilino-a-naphthathiazole nor the p-bromoanilino substituent in 
1-p-bromoanilino-a-naphthathiazole, possess sufficient attraction for 
the double bond of the semicyclic triad system to overcome the 
effect of internal aromatic conjugation in the thiazole nucleus of the 
a-naphthathiazole complex. 

A similar condition obtains in the 2-aminothiazoles themselves, 
since both 2-anilino-4-methylthiazole (Young and Crookes, J. Chem. 
Soc., 1906, 89, 59) and 2-p-toluidino-4-methylthiazole (Dyson, 
Hunter, Jones and Styles, J. Indian Chem. Soc., 1931, 8, 147) react 
exclusively in the aminothiazole phase on treatment with methylat- 
ing agents. It has furthermore been found that 2-p-bromoanilino- 
4-methylthiazole behaves similarly and yields 2-p-bromophenylimino- 
3 :4-dimethy]-2 :3-dihydrothiazole in exclusion to other products, on 
methylation under the usual conditions (Hunter and Parken, un- 
published experiments). 

The behaviour of the 1-amino-a-naphthathiazoles, therefore, 
resembles that of the simple aminothiazoles much more closely than 
that of the 1-aminobenzthiazoles, and the heterocyclic nucleus in 
a-naphthathiazole is evidently more aromatic than in benzthiazole. 
The suggestion has been offered that a certain degree of aromatic 
character of the thiazole nucleus is lost when it is combined with a 
benzene ring as in benzthiazole due to the mutual effect of the 
aromatic nuclei, such as is witnessed in the naphthalene molecule 
(Dyson, Hunter, Jones and Styles, loc. cit.). If this is the 
case, it is clear that the disturbing effect of the benzene ring in 
benzthiazole is largely compensated by the presence of a second 
fused aromatic nucleus as in a-naphthathiazole. This question can- 
not, however. be discussed until the behaviour of other combinations 
of the thiazole ring with the naphthalene system have been 
investigated. 


EXPERIMENTAL. 


1-Chloro-a-naphthathiazole was prepared by heating a mixture 
of B-naphthylthiocarbimide (4°6 g.) and phosphorus pentachloride 
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(5°2 g.) in sealed tube at 160—170° for 6 hours. The product 
was treated with water to decompose phosphorus halides and the 
mixture was extracted with chloroform and the chloroform was 
removed from the extract on a water-bath. The product obtained 
in this way had m.p. 79 and was pure enough for ordinary purposes 
(cf. Hunter and Jones, J. Chem. Soc., 1930, 942 ) 

1-Anilino-a-naphthathiazole was prepared by the condensation of 
1-chloro-a-naphthathiazole and aniline, and separated from methyl 
alcohol-ethyl acetate in silky needles, m.p. 211-12° 

The methylation of 1-anilino-a-naphthathiazole, the isolation 
of i-phenylimino-2-methyl-1:2-dihydro-a-naphthathiazole and_ the 
synthesis of 1-phenylmethylamino-a-naphthathiazole.—(i) A  mix- 
ture of 1-anilino-a- naphthathiazole ( 1 g. ) and methyl iodide (2 c.c. ) 
was heated in a sealed tube at 100° for 12 tu 13 hours. The product 
was treated with warm 20% potassium hydroxide and the mixture 
was kept for 1 hour and thereafter extracted with chloroform. The 
base obtained by removal of the chloroform from a steam-bath was 
fractionally crystallised from alcohol, when 1-phenylimino-2-methyl- 
1:2-dihydro-a-naphthathiazole was obtained in glistening needles, 
m.p. 182°. (Found: 8S, 11°0. C,;gH,4N.S requires 8S, 11°0 per 
cent ). This methylation product appeared to be quite homogeneous 
and all attempts to isolate any traces of the isomeric 1-pheny]l- 
methylamino isomer proved unsuccessful. The picrate was pre- 
pared by mixing benzene solutions of the base (0°3 g.) and 
pieric acid (0°25 g.) and warming the mixture on a steam-bath 
for a few minutes ; it separated from benzene in glistening golden 
yellow plates, m.p. 218°. ( Found: 8, 5°9. C,,H,,N,S, C,H;0;N, 
requires S, 6°1 per cent ). 

(ii) A mixture of 1-chloro-a-naphthathiazole (0°6g.) and 
methylaniline (0°3 g.) was heated in a boiling tube over a small 
naked flame until a violent reaction took place. The cold con- 
densation product was treated with aqueous ammonia and the 
mixture was boiled, when a resinous product was obtained which 
became semi-solid on cooling in a freezing mixture. This was 
dissolved in methy! alcohol and the solution was concentrated ina 
vacuum at laboratory temperature when the base was obtained as 
an oil which was dissolved in dilute hydrochloric acid and reprecipita- 
ted by ammonia. Attempts to crystallise this product from methyl 
alcohol proved unsuccessful and it was, therefore, converted into the 
picrate by treatment with picric acid in benzene solution as in the 
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case of the phenyliminomethyldihydro isomer. The picrate of 1- 
phenylmethylamino-a-naphthathiazole separated from benzene 
in greenish yellow plates, m.p. 184°. (Found: S, 6°2. C,,H,,N,8, 
CgH;0,N3 requires 8, 6°1 per cent). A mixture of this with the 
picrate of 1-phenylimino-2-methyl-1 :2-dihydro-a-naphthathiazole 
melted at 170-74°. A search of the mother liquors for traces of 
this picrate in an experiment, in which the wh»le of the methylation 
product of 1-anilino-naphthathiazole was dissolved in benzene and 
converted into picrate, proved fruitless. 

Methylation of 1-p-bromoanilino-a-naphthathiazole, the isolation 
of 1-p-bromophenylimino-2-methyl-1 : 2-dihydro-a-naphthathiazole 
and the synthesis of 1-p-bromophenylmethylamino-a-naphthathiazole. 
—1-p-Bromoanilino-a-naphthathiazole was prepared by condensa- 
sation of equimolecular proportions of 1-chloro-a-naphthathiazole 
and p-bromoaniline, and had m.p. 256° after recrystallisation from 
aleohol—ethy] acetate (Hunter and Jones recorded m.p. 250°). 

(i) A mixture of 1-p-bremoanilino-a-naphthathiazole (0°6 g.) 
and methyl iodide (1 c.c.) was heated in a sealed tube at 100° 
for 15 hours, and the product was basified with boiling 20% sodium 
hydroxide and extracted with chloroform. After removal of the 
chloroform and recrystallisation from alcohol, 1-p-bromophenylimino 
-2- methyl-1: 2-dihydro-a-naphthathiazole was obtained in glistening 
plates, m.p. 182°. (Found: Br, 22°4. C,;H,;NgBrS requires Br, 
22°2 per scent). A careful search of the mother liquors failed to 
reveal any trace of the isomeric 1-p-bromophenylmethylamino 
isomer. 

(ii) p-Bromomethylaniline was prepared with some difficulty 
by the following method. Acetic anhydride (20 c.c.) was addded 
to methylaniline (20 g.) and the mixture was thereafter heated 
on a sand-bath under reflux for 25 hours. On concentration, 
methylacetanilide solidified and had m.p. 102° after being 
dried on porous earthenwere. A solution of this acetyl derivative 
( 27°8 g. ) in glacial acetic acid (100 c.c.) was treated with bromine 
(5c.c. in 5 c.c. of the same solvent) in sunlight, when shining 
plates separated in the mixture during the course of 2-3 hours, 
The mixture was kept at laboratory temperature for a further 5 
hours, diluted with water (4 vols.) and kept overnight when an 
oil separated which was extracted with ether. The viscous product 
obtained after removal of the ether was dissolved in concentrated 
hydrochloric acid and the mixture was heated on a sand-bath 
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under reflux for 5 hours, cooled and basified when p-bromomethy]- 
aniline separated as an oil which was extracted with ether. A 
mixture of 1-chloro-a-naphthathiazole (0°5 g.) and p-bromomethy!- 
aniline (0°6 g.) was gently heated over a small flame until a 
violent reaction took place and the cooled product was basified with 
ammonia. The p-bromophenylmethylamino base was extracted 
with etler and the product obtained by removal of the ether was 
recrystallised with some difficulty from alcohol, when it formed 
small crystals, m.p 245°. (Found: Br, 22°38. C,;,H,,N2BrS requires 
Br, 22°4 per cent). 


‘Lae Mosiim UNIVeERsITY, 


ALIGARH. Received August 14, 1983. 











Conditions for the Potentiometric Titration of 
Copper with Sodium Sulphide and a Use of 
Platinum Electrode. 


By Jane Banapur Jaa. 


Owing to the extremely low solubility of many metallic sulphides, 
their potentiometric titration with sodium sulphide attracted an 
early attention. During these titrations, mercury was chosen as 
an indicator electrode because reversible electrodes for a large 
number of metals are difficult to prepare The working of the 
mercury electrode is simple. Mercury ions which are sent into 
the solution combine with the sulphide ions forming sparingly 
soluble mercury sulphide. The concentration of Hg** and conse- 
quently the electrode potential is solely determined by the 
relation 

(Hg**) (S*) =Sues 


Thus the mercury electrode acts as an indicator for the sulphide ions. 

Using the above electrode Pinkhuf (Dissert. Amsterdam, 1919) 
and other workers titrated many metals with sodium sulphide but 
the results were in general unsatisfactory. Even the compensation 
electrode method devised by Pinkhof failed to give satisfactory 
results. Thus when copper was titrated in presence of dilute 
sulphuric acid with silver in 0°5N-NaCl as compensation electrode 
the error amounted to 10%; subsequently when the titration 
was carried on in presence of a bicarbonate and tartaric acid the 
error reduced to 3%. The failure to obtain more accurate 
results has been attributed to the peculiar nature of the sulphides 
and to the great adsorption that takes place during their preci- 
pitation (Kolthof and Furman, ‘‘Potentiometric Titrations,’’ 1926, 
p. 198). 

It was accidently found that a plain platinum wire could be used 
as an indicator electrode in place of the mercury electrode described 
above, in titrations with sodium sulphide. Consequently a platinum 
wire of 8 mm. diameter was used throughout the titrations given 
below. 
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But the chief reason for the large percentage of error and in- 
consistent results was found to be the presence of free mineral acids 
which were added to the metallic salt solutions. Even the presence of 
acetic acid has a considerable effect on the results. In an experiment 
varying amounts of a 0°38N-acetic acid were added into several 
beakers each containing 25 c.c. of copper sulphate solution (0°01527 g. 
of copper per 25 c.c.), and then titrated with standardised 
sodium sulphide solution. It was found that the amount of the 
reagent required to reach the end point increased with the amount of 
the acetic acid. The results are given in Table I. 


TABLE I, 


Acetic acid (c.c.) «a ® 1 2 3 4 5 
NaS required (c.c.) -- 27°67 = 27°94 28°18 28°29 28°41 28°56 


Deviation from the calc. : , ; , ' 
vol. of the sulphide (%) °* “—_— ol +0°7 +11 +16 +2°0 


The strength of the sodium sulphide solution was determined 
by the Treadwell and Myr’s method (Z. anorg. Chem., 1915, 92, 
127). 

The results have been plotted in Fig. 1 from which it is seen that 
the error increases almost linearly with the amount of the free acid 


Fig. 2. 
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and it is least when 1 c.c. of the acid was present in 25c.c. of the 
copper sulphate solution. The presence of sodium acetate is favourable 
for the estimation. 

In practice it has been found that the proportion of the acetic 
acid to that of copper can be varied within certain limits. For 
solutions containing up to 12 g. of copper sulphate per litre, 
lc.c. of about O0°4N-acetic acid per 25 c.c. of the solution gives 
results with least error. For solutions of higher concentrations, 
greater amounts of acetic acid are necessary. 

Another point which deserves attention is that the sodium sulphide 
which is used as the precipitating reagent in these titrations is rarely 
available in a pure state; it more often contains varying amounts of 
sulphite which reacts on the hydrogen sulphide and thus introduces 
a positive error. Even the best qualities availeble are not free from 
it. Freshly prepared sodium sulphide according to Béttger’s 
directions has been found satisfactory (Béttger, Annalen, 1884, 228, 
835) and the solutions can be prepared by weighing the requisite 
quantity and dissolving it in the necessary volume of freshly prepared 
distilled water and then standardised. In order to preserve the 
strength of sodium sulphide solution it was found necessary to keep 
it under hydrogen. An arrangement similar to that used for titra- 
tions with titanous salts was used (Knecht and Hibbert, ‘‘ New 
Reduction Methods in Volumetric Analysis’, 1925, p. 63). The 
sodium sulphide solutions show a certain change in their strength 
during first 48 hours even under kydrogen after which period they 
have been found to retnin their strength at least for 8 weeks. 
The standardisation should be done after this period. 

Standardisation of sodium sulphide solution was done by direct 
titration with a copper sulphate solution containing a known 
amount of copper, although Treadwell and Myr’s method may be 
used. A weighed piece of analytical copper was dissolved in dilute 
sulphuric acid containing a few c.c. of nitric acid. After warming to 
drive off nitric acid and its fumes the contents were diluted and the 
excess of the acid neutralised with causitc soda solution till a 
permanent green precipitate was obtained. Proper amount of the 
acetic acid was then added and the solution made up to a known 
volume. It was then titrated with the sodium sulphide solution to 
be standardised. 

The method has been tested by making a large number of 
titrations with copper sulphate solutions of different strengths. The 
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potential attends steadiness soon after adding the reagent and 
shaking. The abrupt change at the end point is well marked. The 
copper sulphate solutions for titrations were prepared either from 
copper sulphate A.R. (B.D.H.) or from copper foil. The results of 
gravimetric and electroanalytical methods (Sand, J. Chem. Soc., 
1907, 41, 63) were taken to represent the actual amount of copper in 
the solution. Some of the results of titrations are given in Table II. 


Tass II. 

Found Cuin Actual Found Cu in Actual 

25 c.c. af Cu in Error. 25 c.c. of Cu in Error. 

the sol. 25 c.c. the sol. 25 c.c. 
0-8016 g. 0-3018g. —0-06% 009435 g. 0-09415 g. +0°06% 
02626 02623 +0-1 0-01528 0-01527 +0°2 
0°1990 0°1985 +0°2 0°007125 0°007095 +0°4 
0-1518 01516 +0°1 0-005592 0-095580  =+0°2 
0: 1154 0-1152 +02 0- 005385 0-005345 = +0-7 


The above figures show that for solutions up to M/100 dilution 
(approximately) the maximum error is 0°2 %, it however 
increases on further dilution. The error is most likely due to the 
presence of oxygen in distilled water. It is also significant to note 
that the error is in every case positive except the first one. If the 
solutions be made in distilled water free from dissolved gases, and the 
titrations carried on in an atmosphere of nitrogen, the error is likely 
to be eliminated or further reduced. 

The characteristic titration curve is shown in Fig 2. It is to be 
observed that the potentials after the inflexion become unsteady 
and further prolongation of the curve was found to be impossible. 
But this is no hindrance in locating the end point. 

The use of the platinum electrode in such titrations lacks 
theoretical foundation. The only other instance of this kind where 
Pt-electrode has been used, is for titration of silver nitrate with alkali 
halides (cf. Miiller, Z. Elektrochem., 1924, 30, 419). As an explana- 
tion, ithas been assumed that the wire becomes coated with the 
metal during the titration (Kolthof and Furman, ibid., p. 102). 
It is expected that further work will show that in titrations with 
sodium sulphide the potential of the platinum wire is due jointly to 
the concentrations of H* and S"ions. The observed unsteadiness 
will then be ascribed to the esceping of the hydrogen sulphide after 
all the metal has been precipitated. 
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Summary. 


1. The effect of free acetic acid in the titrations of copper 
sulphate with sodium sulphide has been studied. 

2. It is shown that by regulating the amount of free acetic acid, 
copper can be titrated potentiometrically with a platinum electrode. 

3. The view is suggested that the potential at the platinum 
electrode in the above case depends on the activities of hydrogen 
and sulphur ions. 


CaemicaL LABORATORIES, 
Aora COLLEGE, Received August 7, 1938, 


Aora, InpIA. 




















Reaction between Potassium Oxalate and Iodine 
and the Relation between Intensity 
and Velocity. 


By W. V. Bracwat. 


Dhar (Proc. K. Akad. Wetensch. Amstardam, 1916, 18, 1084) 
was the first to investigate kinetics of the reaction between potassium 
oxalate and iodine in light as well as in dark and he observed that 
the velocity of the reaction is greatly accelerated by light and is 
greater in sunlight than in diffused light. Later on Berthoud and 
Bellenot (Helv. Chim. Acta, 1924, 7, 307) investigated the same 
reaction and found it to be proportional to the square root of the in- 
cident radiation and this conclusion is supported by Briers, Chapman 
and Walters (J. Chem. Soc., 1928, 562). Mukherji and Dhar 
(J. Phys. Chem., 1928, 32, 1808) observed that the reactions between 
potassium oxalate and iodine, and ammonium oxalate and iodine are 
proportional to the square root of the incident radiation in presence 
of white light obtained from 1000 watt gas filled tungsten filament 
lamp and also of radiation of wave-length 47254. Recently Bhatta- 
charya and Dhar (J. Indian Chem. Soc., 1929, 6, 475) have investi- 
gated the same reaction in radiations of wave-lengths 5650A and 
7304A using different intensities. They have used potassium iodide 
and free iodine. 

The author has also studied this reaction in dark and in light of 
various wave-lengths and established the relation between intensity 
and velocity for this photochemical reaction in various regions. The 
results are tabulated below. 


Dark reaction. 
I, =0°00256M. KI=0°2306M. K,C,0,=0°7595M. Temp. =28°. 


t. Thiosulphate required. K,=1/t x loga/a-z. 
0 min. 9°1 c.c, _ 

1125 77 0°0000644 

3900 5°1 0°0000644 


Mean K, =0°0000644 
K, calculated as k, =0°000440. : 
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Temperature coefficient of the dark reaction, 


Temp. K. Temp. coeff. K,(88°)/K,(28°). 
28° 0°0000644 _ 
38° 0°000442 6°86 


Also Ko=K,E/R ( te py. Therefore E=36240 Calories. K, 
T,T 


at 38° calculated as ky cae 


Relation between intensity and velocity. 
(1) Source =total light from 1000 watt lamp. Temp. =28°. 


Diameter of the aperture =2cm. 





t. Thiosulphate required. ky =2/ t (/a— /a—z). 

O min. 10°2 c.c, -_ 
10 84 0°058 

21 6%6 0°059 

83 4°9 0°059 


Diameter of the aperture. 


k, =2/t (/a— Va—z). 


K } mean = 0°0586 


Purely photochemical 
i ky. 
} 
2 cm. 0°059 0°05836 
1” 0c40 0°03956 
0°5” 0°0285 0°0280 


Ratio of intensities. 


Ratio of velocities. 





Ratio of / Intensities. 


0°. 5856 
(2/1,2=4 = 148 2 
0°03956 
0°03956 
(1/0°5)2=4 ——— =1'41 2 
0°0280 
0°05856 
(2/0°5)?=16 =2°09 4 





0°0280 
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Temp. =38°. 
Diameter of the aperture. ky =2/ t(/a—V/a—z). Purely pastgchemient 
+ 
2 cm. 0°202 0°199 
1” 0°1850 0°132 
0°5” 0°0862 0°0832. 
Ratio of intensities. Ratio of velocities. Ratio of Intensities. 
0°199 
(2/1)? = —-= 2 
0°132 
0°132 _ 
(1/05)?= 4 “= 1°58 2 
0°0832 
0°199 
(2/°05)3= 16 = 2°4 4 
0°08382 


Temperature coefficient of the reaction in total light. 


Diameter of ky at 28°. ky at 38°. Temp. coeff. Ky (38°)/K, 
the aperture. 

2 cm. 0°0585 0°199 3°4 

1 cm. 0°0395 0°132 3°4 


Z 
(2) Source = 5750 A 


Light filter—nitrosodimethylaniline + Ni(NO3)¢ 


(28°). 


2°08M_ each in 


1 cm. cell. — of transmission=5200—6300 A. Mean A =5750A. 
Maximum % T = 0°10 (Bhagwat and Dhar, J. Phys. Chem., 


35, 2401). 


é. 


0 min. 


10 


40 


Diameter of the aperture=2 cm. Temp. =38°. 


Thiosulphate required. ky = 2/t(/ a-/a—z). 
10°6 c.c. - 
9°6 0°0305 
8°8 0°0305 
70 0°0305 








Mean ky =0°0305 


1931, 
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Diameter of ky = Q/t (va—Va—z). Purely photochemical 
the aperture. ky 
2 cm. - 0°03805 0°0275 
1 0°0160 0°01380 
Ratio of intensities. Ratio of velocities. Ratio of 4intensities. 
0°0275 2 
(2/1)?= 4 = 211 
0°0130 


(8) Source = 6700 A. 


Light filter—methyl violet 0°100 g. in 100 c¢.c. + K,Cr0, 


5°6882N. Normal solution being expressed as Ant, ; each in 


° 
1 cm. cell. Range of transmission = 6280-7200A. Maximum % T = 56 
(Bhagwat and Dhar, J. Phys. Chem., 1931, 35, 2391). Temp. =38° 





Diameter of ky = 2/t (/a—Va—z). —_‘Pruely photochemical 
the aperture. ky. 
2 cm. 0°0433 0°0403 
1 0°0232 0°0202 
Ratio of intensities. Ratio of velocities. Ratio of intensities. 
0°0403 
(2/1)? = 4 —— = 20 74 = 2 
0°0202 


(4) Source =8500A infra red, 


Light filter—K,Crg0, 0°513 M in 1 cm. cell + 4 cobalt glasses 
(Bhagwat and Dhar, J. Indian Chem. Soc., 1980, 17, 911). 


Temp. =38°. 


Diameter of ky = 2/t (/a— /a-z). Parely photochemical 
the aperture. ky. 
2cm. 0°0186 0°0156 
1 0°00987 0°00687 
Ratio of intensities. Ratio of velocities. Ratio of intensities. 
0°0156 
(2/1)? = 4 —— = «227 2 


0°00687 
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The results of the relation between intensity and velocity are sum- 
marised in the following table. 


Source. Range of Ratio of Ratioof Ratio of 
transmission. intensities. Vintensities velocities. 


1000 watt lamp ine (2/1)? = 4 2 1°48 
(1/0°5)? = 4 1°41 

(2/0°5)? =16 2°09 

5200-6300A (2/1)? = 4 2°0 


628)-7200A (2/1)? = 4 : 211 


(2/1)? = 4 2°27 


The table clearly shows that the relation between intensity and 
velocity is not constant but as the velocity of the reaction decreases, 
the relation steadily rises from less-than under-root to under-root. 
Usually photochemical acceleration falls with increasing wave-length 
but in case of nitrosodimethylaniline and K,CrO, as light filters, 
because the intensity of the transmitted light is very low, maximum 
being only 0°1 %, the velocity constant is less than that of 6280- 

° 


7200 A and consequently the ratic of intensity and velocity is higher. 


Berthoud and Bellenot (loc. cit.) observed the temperature 
coefficient for 10° between 25° and 40° to be 3°22 and 3°15 in red and 
blue light respectively. Berthoud (Trans. Faraday Soc., 1981, 27, 
484) has repeated his experiments and observed that his results do 
not agree with his previous work and also with that of Dhar (loc. cit). 


My results of the dark temperature coefficient and the value of E 
calculated shows that Dhar’s results are quite reproducible. Very 
recently Young and Style have investigated the same reaction (Trans. 
Faraday Soc., 1931, 27, 493) and claim to have confirmed the results 
of Berthoud and Bellenot (loc. cit.) and have observed that the value 
is at minimum in the neighbourhood of 579 wz. In view of Berth- 
oud’s observations these values seem to be doubtful. Moreover, the 
extinction for this reaction increases as the wave-length falls. It is 
usually observed that as the frequency of the incident radiation in- 
creases, the temperature coefficient falls. Hence Young and Styles’ 
observations must be taken with caution, 
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According to Bhattacharya and Dhar (J. Indian Chem, Soc., 
1929, 4, 197, 493), the relation between intensity and velocity can 
show a relationship which is less than or greater than the direct, 
depending on the amount of acceleration. The present author (Z. 
anorg. Chem., 1981, 198, 412 ; U.P. Acad. Sci., 1931, 1, 54) has 
deduced a theoretical expression connecting velocity with intensity 
and has shown that this relationship can never exceed the direct. 
This view is borne out by the above results. 


My best thanks are due to Prof. N. R. Dhar for his kind interest 
in this paper. 


CHEMISTRY DEPARTMENT, 
AGRA COLLEGE AND Received August 17, 1933. 


St. JoHn’s Couuece, AGRA, INpIA. 





Dithiosulphato-diethylenediamine-cobaltiates. 


By PriyapA RANJAN RAy aNnp SaILenprRA Natu MAUvLiK. 


Preparation of thiosulphato-cobalt complexes, such as thiosulphato- 
pentammine-cobaltic salts and thiosulphato-pentacyano-cobaltiates, 
has already been raported in some previous papers (Ray, J. Indian 
Chem. Soc., 1927, 4, 64, 825; Ray and Maulik, Z. anorg. Chem., 
1931, 199, 353). In these, the complex ionic group contained only 
one thiosulpbate radical. It was expected that complexes containing 
two thiosulphate radicals would result if ammonia could be replaced by 
a twofold co-ordinating unit or a ‘‘chelate’’ molecule like ethylene- 
diamine in the general method of preparation of thiosulphato-cobalt- 
ammines (Ray, loc. cit.). This has actually been realised and forms 
the subject matter of the present paper. By a method similar to 
that employed for the preparation of thiosulphato-pentammine-cobal- 
tic chloride and using ethylenediamine in place of ammonia, a series 
of dithiosulphato-diethylenediamine-cobaltiates of the general formula 
M [Co* (8,03). {CgH, (NH,)g}2.] have been prepared: where 
M = Na, K, or TI. In these, the bivalent thiosulphate radical fills up 
only one co-ordination position as in the previously describec: thiosul- 
phato-complexes. 

A compound of the above composition is likely to exist in two 
different isomeric forms (cis and trans), due to a difference in the 
space distribution of the constituent radicals around the central Co 
atom, as shown below (En= Ethylene diamine). 


$205 8303 


= I 











8203 
Cis. Trans. 

Both these isomeric forms have been isolated. The green trans 
salts are more stable under ordinary circumstances, but are trans- 
formed into the red cis modification in alkaline solutions. The cis 
modification again, as is well known, is capable of resolution into two 
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optically active enantiomerides. Attempts to resolve the cis sodium 
salt with active strychnine nitrate led to the decomposition of the 
thiosulphato-complex as the solution of strychnine nitrate reacts acid 
due to hydrolysis, and the thiosulphato-complexes are very sensitive 
to acids. The employment of a neutral active body like d-triethylene- 
diamine-cobaltic bromide in place of strychnine nitrate did not give 
any better result. In this case the sparingly soluble triethylenedi- 
amine-cobaltic thiosulphate separated out from the solution on evapo- 
ration. This indicates that the complex dithiosulphato-diethylenedi- 
amine-cobaltic ion undergoes partial hydrolysis as shown below. 


U + 
| 200% Co" eo, | + H,O >| (8204+ c0 1,0) | + $0,” 
En», 


[ (20) 2° Co: En, | + 28,05" 


This is supported by the conductivity measurement of the sodium 
salt, for which Aa = 94 (approx.), whereas Aa- value for a uni- 
univalent sodium salt with a complex anion amounts to about 70 at 
25° (Walden, Das Leitvermégen der Lésungen, 1924, 11, 189). 
The value of A = Ayoo4 — Azq = 21°4 also points to the same 


conclusion. 


EXPERIMENTAL. 
Sodium Dithiosulphato-diethylenediamine-cobaltiate (trans). 


Preparation.—Finely-powdered cobalt acetate (10 g.) was treated 
with 55 c.c. of 10% ethylenediamine solution ; the mixture was 
shaken till all the salt dissolved. A vigourous current of air was 
passed through the clear solution for 4—5 hours at a tempera- 
ture of about 10°. Glacial acetic acid (2c.c.) was afterwards 
added to the solution and the latter allowed to stand for some 
time. 50G. of NagS,0;, 5H,0, dissolved in the least quantity of 
water, were then added to the mixture, and this was left in a cool 
place for a day or two. Dark-green crystals, separated by this time, 
were drained and washed with a little cold water. The crude 
crystals, thus obtained, were purified by dissolving them in water by 
prolonged and repeated shaking, filtering off any insoluble residue, 
and then salting out the pure sodium salt by adding a saturated 
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solution of NaCl. Twice the volume of the saturated NaC! solution 
was added and the mixture shaken and allowed to stand for 2 
hours. The dark-green shining leaflets separated, were drained 
washed at first with a little ice-cold water, then twice with 10 % 
aleohol and finally with absolute aleohol. (Found: N, 13°39, 
13°58; 8S, 30°12, 30°02; Co, 13°98, 13°92; Na, 5°51, 5°47. Na- 
[(S203)9'Co’Eng] requires N, 13°14; 8, 30°04; Co, 13°86; Na, 5°4 
per cent). 

Properties.—The substance forms sparingly soluble, dark-green 
shining plates. The solution of the substance is greenish violet in 
colour, which becomes more violet on dilution. The latter turns red 
by the addition of alkalis. When warmed with ethylenediamine 
solution, triethylenediamine-cobaltic thiosulphate is formed. The 
substance is decomposed by acids with evolution of SO, and S. 
Silver nitrate solution produces a greenish precipitate, which readily 
turns black. 


Equivalent conductivity at 25°. 
ow. 323 64 128 256 512 1024 2048 litres 
A... 648 63°3 71°9 76°3 80°6 86°2 94 mhos. 


As already stated the conductivity values indicate partial hydro- 
lysis of the salt in solution. 

As the colour indicates, the substance is evidently a trans salt. 
But in solution, specially on dilution, the green colour gradually 
becomes more and more violet, showing that an equilibrium between 
the two modifications exists in solution. The transformation of the 
trans into cis variety is effected by the addition of alkalis, and the 
pure cis salt has been obtained, as described below, from an alkaline 
solution of the trans salt. 


Isomeric cis Sodium Salt. 


Preparation.—A solution of the green (trans) sodium salt was 
treated with a solution of chemically pure caustic soda (0°5 g.) in 
double-distilled alcohol. The mixture was kept over phosphorus 
pentoxide in an atmosphere free from CO. When the solution was 
reduced to a small bulk by evaporation and crystals of the red cis 
salt separated in quantities, the mixture was digested with absolute 
alcohol, allowed to stand for several hours in an atmosphere free 
from COs, and the supernatant clear solution was poured off from 


1l 








658 'P. R. RAY AND 8. N. MAULIK 


the crystals. The washing was repeated till the alcoholic filtrate 
ceased to react alkaline. The substance was then dried over P,O;. 
(Found: N, 133; 8, 80°14; Co, 18°90; Na, 6°45 per cent). The 
composition is identical with that for the trans salt. 

Properties.—The red cis salt is extremely hygroscopic and highly 
soluble in water. The solution, when allowed to evaporate in air at 
the ordinary temperature, deposits green crystals of the trans salt. 
By repeated solution and evaporation it is completely converted into 
the green trans modification. 


Potassium Dithiosulphato-diethylenediamine-cobaltiate (trans). 


Preparation.—A saturated solution of the trans sodium salt was 
mixed with twice its volume of a saturated solution of KCl. The 
mixture was vigorously shaken and then allowed to stand for some 
time. The crystals, separated, were drained, washed at first with 
ice-cold water, then with dilute alcohol and finally with absolute 
alcohol. (Found: 8, 27°08; Co, 12°34; K, 8°26. K [(8,03)2°Co’Eng], 
2H,0 requires 8, 26°8; Co, 12°34; K, 8°16 per cent), 

The colour and other properties of the substance resemble those 
of the trans sodium salt. The trans salt can be converted into the 
cis variety as described in the case of sodium compound. 


Thallium Dithiosulphato-diethylenediamine-cobaltiate (trans). 


Preparation.—A solution of thallous nitrate was added, drop by 
drop, with shaking to a saturated solution of the trans sodium salt, 
when the trans-thallium salt was precipitated. Excess of thallous 
nitrate was avoided. The crystals were drained and washed as 
described in the previous cases. (Found: Co, 9°37; Tl, 82°68. 
Tl [(S,03).°Co’ Eng],H2O requires Co, 9°44; Tl, 82°68 per cent). 

The substance forms dark-green, sparingly soluble, shining 
crystals. 


CHemicaL LABORATORY, 
University Cotigcr or Science, Received August 28, 1933. 
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REVIEW. 


Donnees Numeriques sur les Colloides et L’Adsorption, edited 
by G. Genin; Extrait des Volumes VIII (Annees 1927-1928) 
et 1X (Annee 1929) of ‘‘Tables Annuelles de Constantes et Donnees 
Numeriques. Price 1£1s. Published by Gauthier-Villars Et Cie., 
Paris. 

The compilation of the numerical data on Colloids and 
Adsorption has been made most carefully and will be very helpful 
to all who want to find out at a glance the numerical data relating 
to Colloids published during the period dealt with. In page 2011 
reference is made to the peculiar difficulties relating to the absolute 
value of the data as Colloids but it is stated that ‘‘they certainly 
give an estimate of the order of the values, which is of the greatest 
interest for preliminary investigation and for laboratory research 
work. Finally, the examination of the numerical data leads to laws 


or at any rate to rules, of a general character. * * In compiling 
the Chapter on Colloids we have endeavoured to avoid as far as pos- 
sible figures not sufficiently accurate and we give only deductions, 


resulting from their examination. These are the principal points 
which make us consider the Chapter on the Colloids a necessary 
part of the total program ofthe Annual Tables of Constants and 
Numerical Data’’. The publications on Colloids cover a very wide 
range and are to be found in every possible language. A systema- 
tie and critical collection of reliable data is obviously of the greatest 
advantage to all concerned. One feature which the writer has found 
very helpful is the reproduction of curves of the original papers. 
The volume gives an idea of the contributions of Indian workers and 
incidentally illustrates to what extent study of Colloids has been 
taken up in India. The publication is expected to find a place 
in all Institutions where researches on Colloids are being carried 
out. 


J.N.M. 


Donnees Numerique de Spectroscopie. It is the reprint 
of the Section ‘‘Spectroscopy’’ of Vol. VIII (1928) and XI (1929) of 
the Annual Tables of Constants (A. T. C.) and Numerical data 
Chemical, Physical and Biological and Technical published under 
the patronage of the International Research Council, International 
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Union on Chemistry pure and applied and Internationa! Committee 
appointed by the Seventh Congress of Applied Chemistry. Published 
by Gauthier-Villars et Cie., Paris. 

In Vol. VIII the data for the year 1927-1928 have been 
collected under the three heads viz., (1) Emission spectra (2) 
Absorption spectra and (3) Electro and Magneto optics, whereas in 
Vol. IX one finds data for 1929 and a new section ‘‘ Scattering of 
light’’ has been added, dealing with the data on Raman-effect. The 
data have been classified by eminent French Scientists viz., Dr. 
Bruninghaus, Prof. Victor Henri, Dr. F. Wolfers and Dr. P. 


Anger. 

One should not attempt to use these tables without first consul- 
ting the directions given at the beginning of each section. These are 
fouxd to be clear, distinct and explicit. The practice of adopting 
French and English will be helpful to a large group of Indian stu- 
dents. Inthe section dealing with F.unission spectra (L. Brunin- 
ghus) one finds the atomic and molecular spectra classified accor- 
ding to the Periodic system instead of alphabetical order as adopted 
by Kayser in his Handbuch der Spectroskopie, a procedure that may 
be convenient for the chemists standpoint. The section on the 
Absorption spectra (Prof. Victor Henri) deals with the absorption 
spectra for ultra-violet and infra-red radiations for gases and for 
solutions. Graphical tables are given for liquids as well as for solu- 
tions where the spectral range is extended to visible region and also 
there is the other section dealing with the Numerical values of the 
absorption spectra for solids, liquids and solutions and here X-ray 
data for elements of different compounds are also supplied. 

The section dealing with Electro and Magneto optic (F. Wolfers) 
has the collected data on the Zeumaneeffect and Stark-effect, Electro- 
magnetic double refraction, Kerr-effect rotation and connected 
effects. ‘Scattering of light’ section of Vol. IX (P. Anger) differs 
from the other sections in one aspect viz., that one does not find a 
sub-section dealing with the theoretical aspect. 

As this book deals only with the data accumulated in the course 
of three years one may not be in a position to determine the critical 
nature of the different constants recorded here; but it may be also 
stated that such a Table would be very helpful to any laboratory 
where systematic researches are in progress. 


P.N.G. 
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Technisch-Chemische Analyse (Techno-chemical Analysis) By 
Ludwig Medicus. Third fully revised edition by Dr. H. Tépelmann, 
with an introduction by Prof. Dr. Wilh. Béttger, pp. VII+170, with 
28 figures. Published by Verlag von Theodr Steinkopff, Dresden 
and Leipzig, 1981. 

The book is adapted to the requirements of the Applied Chemis- 
try students for use as laboratory handbook. The subject matters 
have been dealt with in three different sections. In the first section 
the instruction begins with details of ‘‘sampling’’. This is followed 
by the descriptions of methods for the analysis of water, solid and 
liquid fuels, lubricants and gaseous mixtures. 

The second section deals with colorimetry, the rapid methods 
of gravimetric analysis by L. W. Winkler, and gas-volumetry. The 
reviewer is, however, of opinion that Winkler’s methods might have 
been omitted without losing anything and, in fact, could have been 
profitably substituted by many modern methods of analysis based on 
the use of special reagent, which are reliable and fairly rapid. 

The third section gives instructions about the analysis of typical 
technically important metals, alloys and ores including the assaying 


of silver, methods for the technical analysis of clay, mortar, glass and 


manures are also dealt with in this section. 
The book does not aim at comprehensiveness and is only short 


introduction to techno-chemical analysis. As such it will prove 
quite useful to the students of Applied Chemistry, 


P. BR, 















Dihydroresorcinols. Part II. The Condensation of 
Aldehydes with cycloPentane-spiro-cyclohexane- 
3:5-dione and Dimethyldihydroresorcinol. 


By RancuHops1 DasrpHar Desal. 


It was the original intention of the author to prepare tetrahy- 
drobenzopyranol dyes from various dihydroresorcinols of the general 
formula (I) where R, R, =H, alkyl, aryl, cyclopentane and cyclohexane 
redicals, with a view to studying their absorption spectra, in order to 
determine the effect exerted by alkyl and gem-dialkyl groups on the 
colour of these substances. Owing to difficulties met with in their 
utmost purification which was necessary for this type of work, the 
project had to be abandoned. In the meanwhile, a paper on the 
condensation of dimethyldihydroresorcinol with aromatic aldehydes 
was published by Chakravarti, Chattopadhyaya and Ghosh (J. Ind. 
Inst. Sci, 1931, 14A 141). This rendered much of the present 
author’s work on dimethyldihydroresorcinol superfluous but the res- 
ults obtained so far with cyclopentanespirocyclohexane-3 : 5-dione (II) 


are interesting enough for publication. 


_co OF ee 
Som ba, an. oo 
CH,—CO . 2 2 H,—CO 


(I) (IT) 


The action of benzaldehyde on dimethyldihydroresorcinol (I, 
R=R,=Me) and phenyldihydroresorcinol (I, R=H; R,;=Ph) had 
already been studied by Vorliinder (Annalen, 1899, 309, 379) who 
showed that the primary products formed were benzalbisdihydroresor- 
cinols (III, X=H) which were easily convertible by dehydration into 
the corresponding diketooctahydroxanthenes (IV, X=H). 
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CH= CoH X 


Be \/ >, 


R,/ CH, 0 ia By 
(IV) 


The author observed that compound (ITI) was formed much more 
readily in presence of piperidine asa catalyst, whilst compound (IV) 
was exclusively formed with hydrogen chloride as a condensing agent. 
The behaviour of cyclopentanespiro-cyclohexane-3 :5-dione was ex- 
actly similar, and benzaldehyde as well as salicylaldehyde reacted 
with the dione (II), at the ordinary temperature in presence of piperi- 
dine as a condensing agent, giving benzal-bis-cyclopentanespiro- 


R 
cyclohexane-3 :5-dione (III, X=H and cg =C<C,H,) and salical- 
Ry 


biscyclopentanespiro-cyclohexane-8 :5-dione (III, X=OH and 
R; 


=C<C,H,). The dehydration of the benzal derivative by acetic 
anhydride, glacial acetic acid or dry hydrogen chloride gave 2-spiro- 
cyclopentane-4 : 5-diketo-7- spiro - cyclopentane - 9 - phenyloctahydroxan 


R 
thene (IV, X=H and C€ =C<C,H,). Under the same _ condi- 
R, 


tions, the salical derivative could give rise either to 2-spiro-cyclo- 
pentane-4 :5-diketo-7- spiro-cyclopentane- 9- 0- hydroxyphenyloctahydro- 


R 
xanthene (IV, X=OH and og =C<C,Hg) or to the pyran deriva- 
R 


tive (V). But the product formed was the octahydroxanthene deriva- 
tive, as acetyl salicylaldehyde condensed with the (II), giving acetyl- 
salicalbis-cyclopentanespiro-cyclohexane-3 : 5-dione (III, X=O°COCH, 


R 
and ok =C<C,H,) which could be dehydrated to the octa- 
R, 


hydroxanthene derivative, identical with the one formed by the 
acetylation of 2-spiro-cyclopentane-4 :5-diketo-7-spiro-cyclopentane-9- 
o-hydroxyphenyloctahydroxanthene, 
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CH, 
wane CO 


CO—CH, 


OL een YC<C,H 
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\4 
(V) 


CH, 0—CI 
naan f Y / ; 


HA O\/ 
co CH 


(VI) 


When salicylaldehyde was condensed with the dione (II) in pre- 
sence of dry hydrogen chloride, a scarlet compound was formed and 
this was found to be 2-spiro-cyclopentane-4-ketotetrahydrobenzopy- 
ranol-anhydrochloride (VI). Other dihydroresorcinols behaved simi- 
larly and this reaction was studied with dimethyldihydroresorcinol, 
phenyldibydroresorcinol and cyclohexanespiro-cyclohexane-8 :5-dione. 
Thus these dihydroresorcinols behaved like a-hydrindone and diketo- 
hydrindene from which pyranol dyes have already been prepared 
(Perkin, Robinson and Turner, J. Chem. Soc., 1908, $3, 1085 ; 
Sastry and Ghosh, ibid., 1915, 107, 1442). 

The formation of the anhydrochloride (VI) must have involved 
the intermediate formation of salicylidenecyclopentane-spiro-cyclo- 
hexane-3:5-dione but attempts to prepare it from the aldehyde 
and the dione (II) by condensing them with or without the 
alkaline as well as acid condensing agents failed. The hydrolysis 
of the anhydrochloride (VI) with strong caustic potash was also tried, 
but the resulting product was the anhydro base (VI, OH in place of Cl) 
which resisted the action of the alkali. Similarly the dimethyl analogue 
of the anhydro base was unaffected by the action of caustic alkali. 
The stability of these anhydro bases could only be accounted for 
by the presence of a cyclopentane nucleus and a gem-dimethy] 
group. That this sort of stabilising effect is exerted by the 
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gem-dimethy] group has its parallel in the observation of Vorliinder 
(Annalen, 1896, 294, 275) who failed to hydrolyse dimethyldihydro- 
resorcinol to 88-dimethyl-y-acetobutyric acid while dihydroresorcinol 
readily underwent hydrolysis to y-acetobutyric acid. . 

By condensing salicylaldehyde with dimethyldihydroresorcinol 
in presence of caustic potash, Chakravarti, Chattopadhyaya and 
Ghosh (loc. cit.) obtained a product melting at 206°, and having 
the empirical formula Cg,;H»,O,. These authors formulated it 
as 0-hydroxybenzaldimethyldihydroresorcinol anhydride [V, C<C,Hg, 
=C(CH;)2]. In assigning the pyran structure, the arguments 
advanced were neither cogent nor conclusive. The present author 
is of opinion that the above compound can best be formulated as 
the xanthene derivative, and should be called 2:2:7:7-tetra- 
methy1-4 :5-diketo-9-0-hydroxyphenyloctahydroxanthene (IV, X=OH, 
R=k,=CH;). This constitution is supported by the fact that the 
acetyl derivative of this compound is identical with the dehydra- 
tion product of acetylsalicalbisdimethyldihydroresorcinol (III, 
X=0° CO'CH,; ; R=R,=CH;) which is formed by the condensation 
of acetylsalicylaldehyde with dimethyldihydroresorcinol in presence 
of piperidine at ordinary temperature ; also its methylated product 
is identical wlth the dehydrated product of o-methoxybenzalbis 
dimethyldibydroresorcinol (III, X=OCH,; ; R=R,=CH;) which is 
obtained by the action of o-methoxybenzaldehyde on dimethyldi- 
hydroresorcinol. 


EXPERIMENTAL. 


cycloPentanespiro-cyclohexane-3 :5-dione was prepared by the 
method of Norris and Thorpe (J. Chem. Soc., 1921, 119, 1205). 
When its alcoholic solution was treated with an excess of 40% 
formaldehyde solution at ordinary temperature methylenebiscyclo- 


_ pentanespirocyclohexane-8 :5-dione was immediately precipitated, 


m, p. 166°; 


2-spiro-cycloPentane-4 : 5-diketo-7-spiro-cy clopentanc-octahydroxan- 
thene.—The above methylene derivative (1 g.) was heated with acetic 
_ anhydride (5 c. ¢.) on a free flame for 3 hours and the excess of the 
anhydride decomposed by adding water. The precipitated solid 
crystallised from alcohol as tiny, white needles, m. p. 180-81°. 
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(Found: C, 77°1; H, 8°1. Cg,;Hg,O3; requires C, 77°3; H, 8°0 
per cent). 


Benzal-bis-cyclopentanespiro-cyclohcxane-8 :5-dione [III], X =H, 
R 

og =C <C,H,].—A mixture of benzaldehyde (2g.), cyclo- 
R, 


pentane-spirocy-clohexane-3 :5-dione (3°5 g.), dry benzene (25 c. c.) 
and piperidine (4 drops) was kept at the ordinary temperature for 
12 hours. The residue left after the removal of benzene under suc- 
tion crystallised from dilute alcohol as white plates or needles, m. p, 
167°. Its alcoholic solution gives a reddish-brown colouration with 
ferric chloride solution. (Found: C, 77°0; H, 7°8. Co7H390,4 re- 
quires C, 77°1 ; H, 7°6 per cent). 


2-spiro-cycloPentanc-4 : 5-dikcto-7-spiro-cyclopentane-9-phenylocta- 
hydrozanthene (IV, X=H, C (RR,)=C < C,Hg).—When the 
above compound (1 g.) was heated with acetic anhydride (5 c. c.) 
on @ free flame for 15-20 minutes and the excess of the anhydride 
decomposed with water, a solid was precipitated. This crystallised 
from alcohol as compact cubes, m. p. 185-86°. Its alcoholic 
solution does not give colouration with ferric chloride solution. 
(Found : C, 80°4 ; H, 76. Cyg;H3 903 requires C, 80°6 ; H, 75 
per cent). 


Salical-bis-cyclopentanespiro-cycloheranc-3:5-dione [Ill, X= 
OH, C (R R,;)=C<C,H,].—A mixure of salicylaldehyde (2 g.), cyclo- 
pentanespiro-cyclohexane-3 :5 dione (3°4 g.), dry benzene (20 c. c.) and 
piperidine (4 drops) was kept at the room temperature for 12 hours. 
The solid that separated out crystallised from alcohol as white plates, 
m. p. 208-09°. It is readily soluble in dilute caustic alkali and its 
alcoholic solution gives reddish violet colouration with ferric chloride. 
(Found :C, 74°2; H, 7°4. Co;H 3.0, requires C, 74°3; H, 7°3 per cent). 


2-spiro-cycloPentanc-4 : 5-diketo-7-spiro-cyclopentane - 9-o-hydroxy 
phenyloctahydrozanthene (IV, X = OH, C (R R,)=C<C,Hg),— 
The above compound (1 g.) was boiled with glacial acetic acid (15 
c. c.) for 4 hours. On dilution, white needles melting to a red liquid 
at 191° were obtained. It is soluble in alkali and its alcoholic 
solution gives a violet colouration with ferric chloride. The same 
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substance could also be prepared by saturating the absolute alcoholic 
solution of the foregoing salical derivative with dry hydrogen chloride 
at 0° and keeping for 12 hours. (Found :C, 77°3; H, 7°2. Coz7H3.0, 
requires C, 77°5; H, 7°2 per cent). 

The acetyl derivative was prepared by heating either the salical 
derivative or the xanthene derivative with acetic anhydride for 4 hour 
on a sand-bath. The solid left after decomposing the excess of the 
anhydride crystallised from dilute alcohol as prismatic needles, m. p. 
181-82°, (Found: C, 75°6; H, 7:1. Cg 9H3.0; requires C, 75°6; 
H, 7°0 per cent). 

The benzoyl derivative was prepared by treating the pyridine 
solution of the xanthene derivative with benzoyl chloride. On dilu- 
tion with water an oil, which slowly solidified, was obtained. It 
crystallised from alcohol in plates, m. p. 137°. (Found: C, 78°1; 
H, 6°6. C;,H;,0, requires C, 78°2; H, 6°5 per cent). 

Acetylsalicalbiscyclopentanespiro-cyclohezane-3: 6-dione {III, 
X = O'COCH;, C (RR,)= C <C,H,].—This was prepared, like 
the benzal analogue, by using acetylsalicylaldehyde and crystallised 
from dilute alcohol in white needles, m. p. 206°. Its mixed m. p. 
with salical-bis-cyclopentanespiro-cyclohexane-3 ; 5-dione was 180-84°, 
and the alcoholic solution gives a reddish brown colouration with 
ferric chloride. (Found: C, 72°5; H, 72. Co gH34O,¢ requires C, 
72°8; H, 7°1 per cent). 

When this substauce was boiled with acetic anhydride for 15 
minutes or glacial acetic acid for 4 hours, the resulting product was 
identified as the acetyl derivative of the diketooctahydroxanthene 
derivative by the m. p. and mixed m. p. 

2-spiro-cycloPentane-4-diketotetrahydrobenzopyranol anhydrochlo- 
ride. (VI).—A solution of cyclopentane-spiro-cyclohexane-3 : 5-dione 
(1 g.) and salicylaldehyde (7 g.) in absolute methyl alcohol 
(10 c. c.) was saturated with a rapid current of dry hydrogen chloride 
at 0°. The mixture became dark red and viscous and on keeping 
overnight scarlet crystals were deposited. These were filtered off, 
and washed on the filter paper with methyl alcohol saturated with 
dry hydrogen chloride. It is sparingly soluble in most of the organic 
solvents and charred without melting at 300°. The sample 
for analysis was dried in a vacuum over caustic potash. (Found: 
C, 70°; H, 60; Cl, 11°. C,,H,;0,Cl requires C, 70°7; H, 
5°9 ; Cl, 12°3 per cent). 
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The anhydro base was prepared by adding sodium acetate solution to 
the warm solution of the anhydro-chloride in a large excess of ethyl 
alcohol. The pink powder that was precipitated was filtered off and 
washed alternately with water, alcohol and ether. It is sparingly 
soluble in the usual organic solvents, and does not melt below 
800°. It was recovered unchanged after heating with a concentrated 
solution of alcoholic caustic potash, and the anhydro-chloride was 
formed on adding it to methyl alcohol saturated with dry hydrogen 
chloride. (Found: C, 75°4; H, 6°8. C,;H,,0, requires C, 75°6; 
H, 6°7 per cent). 

Dimethyldihydroresorcinol was prepared by the method of Vorlin- 
der (Annalen, 1897, 294, 253). The hydrolysis of the dione ester was 
carried out by alcoholic potash, as this required only 3 to 4 hours, 
yield 80%. 

Benzalbisdimethyldihydroresorcinol was prepared from benzalde- 
hyde and dimethyldihydroresorcinol, like the cyclopentane analogue. 
It crystallises from alcohol as white plates, m. p. 196-97° and gives 
violet colouration with ferric chloride, The m. p. given by Vorlinder 
(loc. cit.) is 193°, while that given by Chakravarti, Chattopadhyaya 
and Ghosh (loc. cit.) is 175-76°, (Found: C, 74°99; H, 79. Cale: 
C, 75°0; H, 7°6 per cent). 

2:2:7:7-Tetramethyl-4 :5-diketo-9-phenyloctahydrozanthene was 
prepared from the above substance by dehydrating it with glacial 
acetic acid, acetic anhydride or dry hydrogen chloride and crystallised 
from alcohol as white needles, m.p. 202°. The m.p. given by 
Chakravarti. Chattopadhya and Ghosh (loc. cit.) is 198°. (Found: 
C, 78°9; H, 7°5. Cale: C, 78°8; H, 7°4 per cent). 

The phenylhydrazone prepared by heating the substance with an 
equivalent amount of phenylhydrazine in glacial acetic acid solution 
for 1 hour on a water-bath crystallised from acetic acid in yellow 
needles, m.p. 266-67° (decomp.). (Found: C, 78°9; H, 7°4. 
Co9H3.0.Ne requires C, 79°1; H, 7°3 per cent). 

Salicalbisdimethyldihydroresorcinol was prepared from salicyl- 
aldehyde and dimethyldihydroresorcinol like its benzal analogue 
and crystallised from dilute alcohol in white plates, m.p. 184°. 
(Found: C, 71°7; H, 7°5. Ceg3;Hgg0, requires C, 71°9; H, 7°38 per 
cent). 

When this was heated with glacial acetic acid for 4 hours, 
2:2:7:7-tetramethyl-4 : 5-diketo-9-0-hydroryphenyl-octahydrozanthene 
(IV, X=OH, R=R,=CHs), which crystallisd from alcohol in white 
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rhombohedra, m.p. 209-10° was formed. The same substance is 
also formed by condensing salicylaldehyde with dimethyldihydrore- 
sorcinol in presence of caustic potash. (cf. Chakravarti, Chattopa- 
dhyaya and Ghosh, loc. cit.). (Found: C, 75°38; H, 7°38. Cale: 
C, 75°4; H, 7°1 per cent). 

The acetyl derivative, prepared by heating the above compound 
with acetic anhydride, crystallised from dilute alcohol in prismatic 
needles, m.p. 190-91°. (Found: C, 73°3; H, 69. Cale: C, 73°5; 
H. 6°8 per cent). 

The benzoyl derivative crystallised from dilute alcohol in clusters 
of white, tiny needles, m.p. 154-55°. (Found: C, 76°7; H, 6°6. 
Cale: C, 76°6; H, 6°4 per cent). 

The phenylhydrazone crystallised from alcohol in colourless 
needles, m.p. 235°. (Found: C, 76°1; H, 7°3. CogH3g02Ne 
requires C, 76°3; H, 7°0 per cent). 

The methyl ether (IV, X=OCH,; R=R,=CHsg) prepared by 
heating the substance (0°5 g.) with methyl iodide (2. c.c.) at 100° 
for 12 hours, crystallised from dilute alcohol in white needles, m.p. 
180°. (Fonnd: C, 75°6; H, 7°5. Co,Ho,O, reqnires C, 75°8; H, 
7°4 per cent). 

Acetylsalicaldimethyldihydroresorcinol (III, X=O°COCH;; R=R, 
=CH;).—This was prepared, like the cyclopentane analogue, 
from acetylsalicylaldehyde and dimethyldihydrosorcinol and crystal- 
lised from dilute alcohol in white needles, m.p. 200-01°. Its 
alcoholic solution gives colouration with ferric chloride. (Found: C, 
71:1; H, 6°9. CggHs 90¢ requires C, 71°2; H, 68 per cent). 

When this substance was dehydrated either by heating with 
acetic anhydride (30 min.) or glacial acetic acid (4 hours) or saturat- 
ing its absolute alcoholic solution with hydrogen chloride, the 
resulting product was identified as the acetyl derivative of 2:2:7:7- 
tetramethyl-4 :5-diketo-9-0-hydroxyphenyl-octahydroxanthene by m.p. 
and mixed m.p 

o-Methoxybenzalbisdimethyldihydroresorcinol (Ill, X=OCHsz, 
R=R,=CH;).—This was prepared like the preceding compound 
by using o-methyoxybenzaldehyde and crystallised from dilute 
alcohol in white tiny needles, m.p. 184°. Its m.p. was depressed 
to 156° by admixture with a specimen of salicalbisdimethyldihy- 
droresorcinol which had also the same melting point. Its alcoholic 
solution gives violet-blue colouration with ferric chloride. (Found: C, 
72°3; H, 7°7. Co,H3 90; requires C, 72°4; H, 7°5 per cent). When 
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it was dehydrated by the usual methods, the resulting product was 
identified as the methy!] ether of 2:2:7:7-(ctramethyl-4 :5-diketo-9-o. 
hydroxyphenyloctahydrozanthene by m.p. and mixed m, p. 

Most of the work described in this paper was carried out at the 
Imperial College of Science and Technology, London, and the author 
wishes to thank Prof. J. F. Thorpe C.B.E., F.R.8. for his kind 
interest and encouragement, the University of Bombay for the award 
of a Scholarship, and the Chemical Society, London, for a grant 
which partly defrayed the cost. I am also indebted to Prof. H. K. 
Sen of the Calcutta University for some helpful criticism. 
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Preliminary Ckemical Examination of the Bark of 
Holarrhena Antidysenterica. 


By SaLimuzzaMAN SippiquI AND P, PARAMESWAREN PILLAy. 


In a detailed communication (J. Indian Chem. Soc., 1932, 9, 
553) on the isolation and characterisation of three new bases from 
the Indian MHolarrhena we have already described the method 
employed for the extraction of the alkaloid, which gives more than 
twice the yield of total alkaloid, so far obtained by any of the 
previous authors and conessine in a yield about four times as high 
as any, referred to in literature. Payman (J. Chem, Soc., 1919, 
115, 163), however, had got 0°25% conessine from Holarrhena 
Congolensis Stapf, and Giemsa and Halberkann (Arch. Pharm., 
1918, 256, 201) 0°7% conessine and 1°7% total alkaloid from 
Holarrhena Africana. As the different authors have used very 
varying methods for the extraction of the alkaloids, it appeared to us 
of great interest to compare the yield of alkaloids obtained by these 
different methods from the same sample of bark to test and establish 
the value of the method evolved by us. Also we found it desirable 
to make a cursory examination of the non-alkaloidal constituents. 

As a result of these investigations we have found out that the 
ammonia-alcohol-ether mixture employed by us is the best means 
of extracting the alkaloids, which occur in the plant body as 
tannates, which are very difficultly soluble in alcohol or acidulated 
alcohol or water, but are easily liberated from their tannic acid 
salts by alkalis. The physiological action of the crude bark and its 
extract in the treatment of intestinal troubles, may also be due to 
this fact as the tannates of the alkaloids would remain undissolved 
in the acid juices of the stomach and pass on to the seat of disease in 
the intestines. 

Besides isolating a tannate of the alkaloids we have detected the 
presence of linoleic acid as a component of the fatty matter and _ iso- 
lated in quite a large yield liquid sterols and a crystalllne sterol which 
we have identified to be lupeol. 

EXPERIMENTAL. 


Different methods of extraction of the alkaloids were tried with 
the same sample of powdered bark and the results obtained are 
given in the following table. In each case the alkaloid was finally 
purified by dissolving out with ether containing 10% alcohol. The 
number of percolations and the quantity of solvent used in each case 
was the same. 





. Alcohol 


. Treated 
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Extraction media. 


Cold alcoholic 
percolation. 


. Same. 


Soxhleted for 
18 hrs. with 
alcohol. 

. Percolated 
with ether con- 
taining 10% 
of alcohol and 
2% liq. am- 
monia. 

con- 
taining 10% 
liq. ammonia. 


with 
10% ale. KOH 
then percolat- 
ed with ether 
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Mode of separating the 
alkaloids, 


Alcohol removed under 
reduced pressure and 
alkaloids extracted 
from residue. 


distilled off 
ordinary pres- 


Solvent 
under 
sure. 

Solvent 
under 
sure, 

Alkaloids extracted with 
dilute acetic acid. 


distilled off 
ordinary pres- 


Made faintly acidic with 
acetic acid; alcohol 
distilled under reduced 
pressure. 

Made faintly acidic with 
acetic acid, solvent dis- 
tilled off, finally under 
reduced: pressure. 


Yield. Remarks. 


105% Method used by Ghosh & 
Ghosh (J. Indian Chem. 
Soc., 1928, 6, 477), yield 
1°28% in assay and 
0°7% in large extrac- 
tion. 

There was some resinous 
basic residue insoluble 
in ether-alcohol. 

Basic resinous residue, 
insoluble in alcohol and 
ether, 


containing 10% 
alcohol, 

. Percolation 
with very di- 
lute HCl 


Made faintly alkaline 0°8 Voluminous brown ppt. 
with Ca(OH)g. Extract- yielded crude Giemsa & Halberkann 
ed the dried precipitate conessine (loc. cit.) got 1°7% by 
with petrol and the (m.p.122°) this method from H. 
filtrate with ether. 03% African raw. 


The best method of extraction was found to be method (4) 
followed by a further series of extractions using 80 parts ether and 
15 parts alcohol mixed with 10 parts of liqour ammonia. By this 
method a total yield of 2°1% was obtained. 

Insoluble tannate of the alkaloids.—500 G. of the drug, percolated 
with alcohol, yielded 22 g. of extractive on removal of the solvent 
under reduced pressure. To this 100 c.c. of water were added and 
the neutral products extracted off with ether. To the aqueous 
filtrate drops of sodium hydroxide solution were carefully added until 
the solution was just alkaline, when a rose coloured precipitate of the 
tannate was formed (7°5 g.) which was filtered off and dried. It 
was found to be insoluble in water or cold dilute mineral acids, 
partially soluble in alcohol and soluble in dilute acetic acid. The 
alkalis, as well as the boiling dilute mineral acids decompose it. Its 
solution in alcohol is coloured green by ferric chloride. A trace of 
alkali changes it to violet. On decomposition with caustic soda it 
yielded about 20% by weight of alkaloids, traces of a resinous acid 
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and an acid filtrate which gave the usual colour reactions of a tannin 
of the phlobaphene group. 


The Neutral Products. 


Lupeol.—The ether soluble neutral products left after the extraction 
of the alkaloids from the ether-alcohol-ammonia percolates of the drug 
(yield 2% on weight of dry bark) were saponified in the usual 
manner, yielding 1°2% of unsaponified matter and 0°5% of fatty 
acids. The unsaponifiable matter yielded 0°2% of crude lupeol 
directly out of alcohol and further 0°4% of it through acetylation 
of the mother liqours. After repeated recrystallisation from alcohol 
and ethyl acetate, pure lupeol was obtained in star shaped aggre- 
gates of needles, m.p. 213-14°. In a 2°06% chloroform solution it 
showed a rotation of D°°° =+27°4°. The melting point given for 
lupeol is 210° and the rotation noted for it by previous authors is 
variously given from +25°95° to +27°4°. (Found: C, 84°3; H, 
11°8. C,,;H;,0 requires C, 84°9; H, 11°8 per cent). Lupeol 
acetate prepared in the usual manner, melted at 214°. (Found: C, 
82°1; H, 11°0. C33;H;,0, requires C, 82°5; H, 10°8 per cent). 
Lupeol benzoate melts at 266°. 

Uncrystallisable sterol.—The unsaponifiable matter further yielded 
a brownish glassy solid which melted to a viscous liquid between 
25-30° (0°3%). It could not be distilled at a pressure of 5 mm. 
(showing thereby that high aliphatic alcohols are absent), but gave 
all the usual colour reactions of sterols with Burchard Lieberman’s, 
Salrowski’s and Moleschott’s tests and appeared to be an un- 
crystallisable sterol. 

Fatty acids.—(Yield 0°5% on wt. of the bark). These were 
separated by the lead method into solid acids (013%), m. p. 
58-70° and liquid acids (0°35 %). The latter on bromination 
in a mixture of glacial acetic acid and ether yielded a small 
quantity of an insoluble bromide, m.p. 174-76°, which appeared 
to be linolenic acid hexabromide. About half of the remaining 
bromides, when recovered, were found to be soluble in petrol 
and the other half insoluble. The liquid acids, therefore, appeared to 
be a nearly equal mixture of oleic and linoleic acids with a trace of 
linolenic acid and were not further investigated. 

Research INstTIvToTe, 


A. ano U. Tinsr Cor.ecr, Received July 28, 1933. 
Dear. 








Behaviour of Nitrophenols with p-Toluenesulphony] 
Chloride. Part IV. 


By Sxtam Sunpar JosuHi, 


While studying the behaviour of p-toluenesulphony! chloride with 
dinitrophenols in presence of diethylaniline (Sane and Joshi, J. 
Chem, Soc., 1924, 126, 2481; J. Indian Chem. Soc., 1928, §, 299; 
1932, 9, 59), it was usually observed that when there were two nitro 
groups either in both the ortho positions, or the ortho and the para 
positions with respect to a hydroxy! group, the hydroxyl group was 
replaced by a chlorine atom. However, when there was a methy! 
group inthe meta position with respect to the hydroxyl in the 
compounds previously studied namely, 3: 5-dimethyl-2: 4-dinitro- 
phenol under similar experimental conditions no replacement took 
place, only esters were formed. This influence of a meta situated 
methyl group on the replaceability of a hydroxyl by a chlorine atom 
is not the same even in the case of similar dinitrophenols ; thus in 
3-methyl-2-bromo-4; 6-dinitrophenol the hydroxyl group is replaced, 
as usual, by a chlorine atom but in 3-methyl-2-iodo-4: 6-dinitro- 
phenol no replacement could be effected, only an ester is obtained. 
Like the esters of other dinitrophenols, this ester is quite reactive 
and easily yields derivatives with ammonia and aniline. 

It may here be noted that a similar influence of a meta situated 
methy! group was also observed while studying the additive com- 
pounds of dinitrohalogenobenzenes with pyridine. 38-Chloro-4: 6- 
dinitrotoluene, 3-bromo-4:6-dinitrotoluene and 3-chloro-2-bromo- 
4:6-dinitrotoluene did not yield additive compounds with pyridine, 
though other 2: 4- and 2: 6-dinitrohalogenobenzenes did so readily 
(Joshi, J. Chem. Soc., 1933, 313). 


EXPERIMENTAL. 


2-lodo-4 ; 6-dinitro-m-cresol was formed on treating a hot alco. 
holic solution of 4 :6-dinitro-m-cresol (2 g.) first with iodine (2°6 g.) 
and then with mercuric oxide in small amounts at a time ; the cresol 
was obtained from it by filtering the hot liquid, removing the alcohol 
and extracting the residue with benzene. It is crystallised from 
dilute acetic acid in yellow crystals, m. p. 93°. (Found: N, 8°86. 
C;H,;0,;Ng¢lI requires N, 8°64 per cent). 

2-Iodo-4 :6-dinitro-m-cresyl-p-toluencsulphonate was obtained by 
heating together on a_ boiling water-bath for 4 hours 2-iodo- 
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4:6-dinitro-m-cresol (3 g.), p-toluenesulphony! chloride (2 g.) and di- 
ethylaniline (8 c.c.). The ester is slightly soluble in alcohol, more 
easily in acetone. It crystallises from a mixture of alcohol and 
acetone in colourless crystals, m.p. 136-37°, yield 4g. (Found: 
8, 6°54, C,,H,,0;,N IS requires S, 6°70 per cent). 

The same ester was obtained by condensing the cresol with 
toluenesulphony! chloride in presence of sodium carbonate solution. 

2-Iodo-4: 6-dinitro-m-tuluidine results by passing dry ammonia 

through a solution of 2-iodo-4: 6-dinitro-m-cresyl-p-toluene sulpho- 
nate in an excess of alcohol for 45 minutes. It dissolves easily in 
the common organic solvents and crystallises from alcohol in yellow 
crystals, m. p. 97°, yield 2°8 g. (Found:N, 13°17. C,;H,0,N3,I re- 
quires N, 13°0 per cent). 

3-Methyl-2-iodo-4 :6-dinitrodiphenylamine was obtained when 2- 
iodo-4 :6-dinitro-m-cresyl-p-toluenesulphonate (5 g.) and _ aniline 
(10 c.c.) were kept on a boiling water bath for 4 hour. It crystallises 
from slightly diluted acetic acid in yellow crystals, m.p. 148-44°, 
yield 90%. (Found: N, 10°25. C,y,;H,,O,N;I1 requires N, 10°53 
per cent). 

2-Bromo-4 :6-dinitro-m-cresyl-p-toluenesulphonate was obtained 
by boiling in water 2-bromo-4: 6-dinitro-m-cresol (2°8 g.) and p- 
toluenesulphony! chloride (2°1 g.) with small amounts of sodium 
carbonate (1°2 g.) at a time. The ester crystallises from acetone 
and alcoho! in colourless crystals, m. p. 141°, yield 3 g. (Found: §, 
7°19. C,,H,,0;Nz, BrS requires 8, 7°42 per cent). 

2-Bromo-4 :6-dinitro-m-toluidine was obtained by passing dry 
ammonia through a boiling alcoholic solution of 3-chloro-2-bromo-4 :6- 
dinitrotoluene (2°8 g.). It dissolves easily in common organic 
solvents. It crystallises from alcohol and also from dilute acetic 
acid in yellow crystals, m. p. 80°, yield 2 g. (Found:N, 15°02. C,H,- 
O,N, Br requires N, 15°22 per cent). 

8-Methyl-2-bromo-4 :6-dinitrodiphenylamine was obtained by boil- 
ing a solution of 3-chloro-2-bromo-4: 6-dinitrotoluene (1°5 g.) in alco- 
hol, aniline (1 g.) and sodium acetate (1 g.) for $ hour. The compound 
dissolves easily in acetic acid and slightly in alcohol. It crystailises 
from alcohol in yellow crystals, m. p. 128°, yield 1°6 g. (Found: N, 
11°81. C,3H,,0,N,Br requires N, 11°93 per cent). 


CuemicaL LABORATORY, 
Meerot Couiecs, MRERUT. Received August 17, 1988. 





Dyes Derived from Acenapthenequinone. Part IY. 
Azines and Indigoid Vat Dyes. 


By Sistmr Komar Gouna. 


In continuation of the papers in this series (Sircar and Guha, 
J. Chem. Soc., 1924, 125, 335 ; Guha, ibid., 1931, 582 ; Guha, 
J. Indian Chem. Soc., 1932, 9, 423), this investigation was under- 
taken with a view to study if in the acenapthenequinone series, 
azines could be prepared having acenaphthene nucleus on both the 
sides of the azine ring and if such arrangement, which will at the 
same time increase the complexity of the molecule, has got any 
effect in deepening the colours of the resulting azines. 

This led the author to condense acenapthenequinone and its 
various derivatives with 2:3-diaminoacenaphthene (Sachs and 
Mosebach, Ber., 1911, 44, 2852) and the compounds obtained 
are acenaphtheno-, acenaphtheno-3-chloro-, acenaphtheno-3-bromo-., 
acenaphtheno-1-methoxy-, and acenaptheno-3 :4-dinitroacenaphtha- 
zines. These azines are yellow, brownish yellow and chocolate 
coloured crystalline substances and they dissolve in concentrated 
sulphuric acid producing deep violet, violet blue and deep green 
solutions from which water reprecipitates the substances unchanged, 
quite suitable for dyeing on wool from an acid bath. The dyed 
shades on wool are yellow and chocolate. The yellow shade obtained 
on wool from acenaphtheno-acenapthazine is in no way inferior to 
the same shade of the corresponding phenanthraquinone derivative 
(Sachs and Mosebach, loc. cit.). It is also observed that the 
introduction of NOg group in the melecule of acenaphtheno-acenaph- 
thazine distinctly deepens the colour from the yellow to chocolate 
(cf. Fluoreno-acenaphthazines, Dutt, Ber., 1932, 68, 1793). 

8-Methoxyacenaphthenequinone and 1-methoxyacenaphtha- 
phenazine melt at 221-22° and 187-88° respectively. Staudenger, 
Goldstein and Schlenker (Helv. Chim. Acta, 1921, 4, 342) record 
m. p. 215-16° and 182-85° respectively. 

Lastly further studies in indigoid vat dyes in the Ciba Scarlet 
G. series (cf. Guha, J. Indian Chem. Soc., loc. cit.) have been made 
by condensing 5-methyl-3-hydroxythionaphthene (Auwers and Arndt, 
Ber., 1909, 42, 641) with acenaphthenequinone, its chloro, bromo, 
and methoxy derivatives only ; the first three indigoid dyes easily 
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yield with alkaline hydrosulphite soluble blue vats from which the 
original scarlet products are regenerated on cotton by atmospheric 
oxygen. But in the case of the last named compound, the methoxy 
derivative, great difficulty was experienced in making use of it in the 
vat (cf. 2-thionaphthene-8/-(1/-methoxy) acenaphthylene-indigo, 
Staudinger and others, loc. cit.). The blue vat obtained in this 
case also on cotton turned only pink by treatment with air. 
Repeated attempts to secure the desired deep red shade on cotton 
were, however, unsuccessful. All the four substances dissolve 
in strong sulphuric acid producing deep green solutions from 
which the vat dyes are reprecipitated unchanged by the addition 
of water and as such each of them is suitable for dying on 
wool from an acid bath. The scarlet red shade obtained on 
cotton as well as on wool from the indigoid derivatives mentioned 
above are deeper than those of Ciba Scarlet G (Bezdizk and 
Friedlander, Monatsch., 1908, 29, 306; and E. P. 8344/1908) and its 
halogen derivatives (Guha, loc. cit.). 

The azines, excepting the dinitro compound which does not melt 
but sublimes and the indigoid vat dyes on heating above their 
melting points volatilise unchanged producing coloured vapours of 
the individual product and deposit the dyes as pure compounds. 

Further work in indigoid vat dyes in the acenaphthenequinone 
series is in progress. 


EXPERIMENTAL. 


Acenaphthenoacenaphthazine. 


OS 
Hy DV aD 
H,c_—— a 7 


This compound separated immediately as rectangular brownish- 
yellow erystals on heating acenaphthenequinone (0°273 g.) and 2:3- 
diaminoacenaphthene (0°276 g.) in 22 c.c. of boiling glacial acetic 
acid. It was first boiled with alcohol in which it was only sparingly 
soluble and then repeatedly extracted with acetic acid. The preci- 
pitate, obtained by the addition of water to the combined extract, 
was crystallised from amyl alcohol in elongated diamond shaped 
yellow crystals not melting below 315°. It is soluble in benzene, 
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xylene, pyridine or amyl alcohol, moderately soluble in acetic acid, 
sparingly soluble in ligroin, ethyl acetate and acetone. It dissolves 
in strong sulphuric acid with a deep violet colour and dyes wool 
in yellow shades from an acid bath. (Found: N, 8°81. Co,H,4No 
requires N, 8°48 per cent). 
Acenaphtheno-3-chloroacenaphthazinc.—This compound was pre- 
pared similarly from 3-chloroacenaphthenequinone (0°216 ¢.) and 
2 :3-diaminoacenaphthene (0°184 g.) in 25 c.c. of boiling glacial ace- 
tic acid and after being boiled with alcohol, it crystallised from py- 
ridine in glistening yellow plates, not melting below 315°. It is 
soluble in nitrobenzene, aniline, xylene, pyridine, moderately solu- 
ble in amyl alcohol, acetic acid or carbon tetrachloride and dyes 
wool in yellow shades from an acid bath. Concentrated sulphuric 
acid dissolves it forming violet blue solution. (Found: Cl, 9°54. 
Cg4H,3N,Cl requires Cl, 9°73 per cent). 
Accnaphtheno-8-bromoacenaphthazine was prepared in the same 
way as the preceding compound from 3-bromoacenaphthenequinone 
(0°39 g.) and the diamine (0°276 g.) in 30 c.c. of boiling glacial 
acetic acid and similarly purified and crystallised in yellow plates. 
It does not melt below 315° and it possesses properties similiar to 
those of the last compound. (Found: Br, 19°34. Co,H,;,N, Br 
requires Br, 19°55 per cent). 
Acenaphtheno-1-methoxyacenaphthazine.—The brown solution, 
produced by boiling 8-methoxyacenaphthenequinone (0°424 g.) and the 
diamine (0°368 g.) in 36 c.c. of glacial acetic acid for half an hour, 
was allowed to stand in the cold. The crystalline brownish-yellow 
precipitate, that separated after 1 hour was collected, purified first by 
boiling with alcohol and then by precipitation with water from 
the least quantity of boiling glacial acetic acid. The resultant 
flocculent precipitate on heating became granular. This was fil- 
tered, washed with hot water and crystallised from pyridine in 
beautilul hexagonal brownish-yellow plates, m. p. 293°. It is soluble 
in benzene, xylene, chloroform, acetic acid, pyridine and sparingly 
soluble in alcohol, acetone and ether. It dissolves in concentrated 
sulphuric acid with a violet blue colour and dyes wool in yellow 
shades. (Found: N, 81. Cg;H,;,ONg requires N, 7°77 per cent). 
Acenaphtheno-3 :4-dinitroacenaphthazine separated gradually in 
shining chocolate coloured rectangular crystalline precipitate on heating 
for 1 hour the dark brown solution, produced by bringing together 3 : 4. 
dinitroacenaphthenequinone (0°272 g.) and 2:3-diaminoacenaphthene 
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(0°184 g.) in 75 c.c. of boiling glacial acetic acid. It was further 
purified by boiling successively with alcohol and acetic acid and 
finally crystallised from xylene in prisms; when strongly heated 
above 815° the azine sublimes. It is soluble in pyridine, xylene, 
aniline, sparingly soluble in alcohol, acetic acid, carbon tetrachloride 
and amyl alcohol. It gives a deep green solution in strong sulphur- 
ic acid and dyes wool in chocolate shades from an acid bath. 
(Found: N, 13°68. Co,H;.0,N, requires N, 13°33 per cent). 
1-Methoxyacenaphthaphenazine.—The pale yellow _ solution 
produced by heating f-methoxyacenaphthenequinone (0°212 g.) and 
o-phenylenediamine (0°100 g.) in 52 ¢.c. of boiling glacial acetic 
acid for 20 minutes deposited no precipitate when cooled. The bulk 
of the solution was then reduced to 22 c,c. by the distillation 
of acetic acid and water added just to precipitate the product. 
It was redissolved by heating and allowed to cool. The separated 
needle shaped crystals were collected, washed with 50% acetic acid 
and hot water and finally recrystallised from dilute acetic acid in fine 
silky pale yellow needles, m. p. 187-88° (cf. Staudinger and others, 
loc. cit.). (Found: N, 9°65. C, 9H, 9ONg, requires N, 9°85 per cent). 


2-(5-Methyl)-thionaphthene-acenaphthyleneindigo. 
co a 


eons: 


A solution of eaiainliaaieti (0°364 g.) in 60 c.c. of boiling 
glacial acetic acid was mixed with 5-methyl-3-hydroxythionaphthene 
(0°328 g.) dissolved in 30 c.c. of hot glacial acetic acid. The mixture 
turned reddish-brown. On adding strong hydrochloric acid (8 c.c.) 
and shaking for 2-3 minutes silky scarlet red needle shaped 
erystals separated. The whole of the mixture was heated to boiling 
for 10-12 minutes to complete the reaction, filtered hot, washed with 
acetic acid and hot water. For purification it was boiled succeessive- 
ly with alcohol and glacial acetic acid and finally crystallised from 
xylene in fine needles, m. p. 265-66°. It is soluble in chloroform, 
amyl alcohol, benzene, xylene, nitrobenzene, aniline and pyridine, 
difficultly soluble in acetic acid, sparingly soluble in acetone, alcohol, 
ether, insoluble in ammonia and caustic alkalis. It dyes cotton in 
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scarlet red shade from an alkaline hydrosulphite vat and wool in the 
same colour from an acid bath. (Found: S, 9°56. Cg,;H,,0.8 re- 
quires S, 9°75 per cent). 

2-(5-Methyl)-thionaphthene-8'(3'-chloro) acenaphthylencindigo, simi- 
larly prepared from 3-chloroacenaphthenequinone (0°65 g.) and 5- 
methyl-3-hydroxythionaphthene (0°492 g.) in 63c.c. of glacial acetic 
acid and 7 c.c. of concentrated hydrochloric acid, crystallised from 
pyridine in clusters of scarlet red rectangular crystals, m. p. 284-85° 
(with previous shrinking at 281°). It dyes wool in bright pleasant 
scarlet red shade from an acid bath and cotton in deep scarlet red 
shade from an alkaline hydrosulphite vat. All other properties resem- 
ble those of the preceding compound. (Found:Cl,10°1. C,,H,,0,CIS 
requires Cl, 9°8 per cent). 

2-(5-Methyl)-thionaphthene-8/(3'-bromo)acenaphthylencindigo, pre- 
pared in the same way as the two preceding compounds from 3-bro- 
moacenaphthenequinone (0°52 g.) and the methylhydroxy-thiona- 
phthene (0°328 g.) in 51 c.c. of glacial acetic acid and 5 c.c. of strong 
hydrochloric acid, separated from toluene in slender scarlet red rect- 
angular crystals, m. p. 282°. It resembles the last compound in its 
properties. (Found: Br, 19°58. C.,H,,0,BrS requires Br, 19°65 
per cent). 

2-( 5-Methyl )-thionaphthene-8'( 1'!-methozry )acenaphyleneindigo.— 
The pinkish red solution, obtained by mixing 8-methoxyacenaphthene- 
quinone (0°424 g.) dissolved in 50 c.c. of boiling glacial acetic acid 
with methyl hydroxythionaphthene (0°328 g.) in 25 c.c. of hot acetic 
acid, was treated with concentrated hydrochloric acid (12c¢.c.) and 
shaken thoroughly. The solution turned beautiful deep violet red and 
immediately deposited deep scarlet red needles. It was then heated to 
boiling for 30 minutes. The precipitate was collected and purified by 
heating it with alcohol and with moderately strong acetic acid and 
crystallised from acetic acid as deep scarlet red fine needles, 
m, p. 279-80°. It dyes wool in deep red shades from an acid bath 
and in pink colour on cotton from an alkaline hydrosulphite vat. The 
solubility of this dye resembles that of the preceding compounds in 
this series. (Found: 8, 9°26. C>9H,,0;8 requires 8, 8°93 per cent). 

I take this opportunity of expressing my thanks to Dr. K. 8. 
Caldwell, Principal, Science College, Patna, and to Dr. A. C. Sircar, 
M.A., Ph. D., for their kind encouragement in the work. 


Scrence CoLiece, Received August 22, 1933. 
PATNA, 





Formation of Heterocyclic Compounds from some 
Derivatives of Ethyl Carbazinate. 


By D. N. Masumpar anp P. C. Gua 


It has been shown by Guhs and Guha (J. Indian Chem, Soc., 
1927, 4, 161, 239) that dithiocarbazinic ester reacts with 
thiocarbimides, acid chlorides, diketones etc., to give rise to 
interesting heterocyclic compounds. The present investigation 
was undertaken with a view to making a comparative study of the 
behaviour of some typical derivatives of ethyl carbazinate and ethyl 
dithiocarbazinate towards the formation of heterocyclic compounds, 
from which idea can be formed as to the respective influence exerted 
by the oxygen and the sulphur atoms in the process of ring-closure. 

Ethy! carbazinate reacts with mustard oils to yield carbethoxy- 
thiosemicarbazides identical with those obtained by Fromm (Ber., 
1923, 56, 1370) from thiosemicarbazides by the action of chloroformic 
ester. 

PhNCS + NH,‘NH'CO,Et —> PhNH'CS‘NH'NH.CO,Et 
(I) 
Carbethoxythiosemicarbazides do not lend themselves to ring-closure 
on being merely boiled with water or aicohol as has been observed 
by Guha and Guha (loc. cit.) in the case of the corresponding thio- 
semicarbazide dithiocarboxylates, RNH’CS'NH’CS'SEt. 

Compound (I) on treatment with 2 N-caustic potash yields by the 
elimination of a molecule of alcohol, a compound of the composition 
C,H;ON,8. It melts at 283-84°. Though the compound is soluble 
in alkali, it cannot be desulphurised by treatment with red oxide 
of mercury showing the presence of the sulphur atom as a member 
of the ring (cf. Guha, J. Amer. Chem. Soc., 1922, 44, 1502). 
Three compounds , A (Guha and Sen, J. Indian Chem. Soc., 1927, 
4, 44), B (Arndt, Milde, Tschenscher, Ber., 1922, 55, 341), C (Guha 
and Janniah, J. Indian Inst. Sci., 1933, 16A, 23) of this composition 
are already known and possess different melting points. There is, 


NH——NH NH——NH N——NH 
Pe 
PhN :C CO SC CO C-—O—C—NHPh 
NZ 1 
s NPh 


(A, m.p. 246°) (B, m.p. 196°) (C, m.p. 206°) 
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however, another possible formula for the new compound viz., 
4-N-pheny]-3-oxy-3 :5-endothio-1:2:4-triazole (II) which can be 
formed from the carhethoxyphenylthiosemicarbazide through the 
transient intermediate stages A or B as follows: 


NH—NH 


| | 
PhN :C CO—>(A) 
N: 


| | 
PhNH-CS‘NH‘NH:CO,Et~” SH OEt 


\ NH—NH Jl 


SC CO—>(B) 


| | (II) 
PhNH OEt 
By the action of strong hydrochloric acid compound (I) loses a 
molecule of aniline and there is formed 3-ethoxy-5-thiol-4:1:2- 


oxdiazole (III). 
N——N N——N 


I lI i] lI 
RNH'CS'NH'NH'CO,Et —> HSC C’OEt —> HS‘C | 
\ 


PhHN OH 
(IIT) 


That the sulphur atom in compound (III) is not a member of the 
ring is proved by its desulphurisation with red cxide of mercury ; as 
a mercaptan it also forms a disulphide. 

Carbazinic ester reacts with phenyl isocyanate to yield 4-pheny]- 
semicarbazide-1-carboxylate (IV) which does not lend itself to any 
sort of ring formation though from the corresponding dithiocarboxy- 
late Guha and Guha (loc. cit.) obtained 2-phenylimino-3-acetyl-5-me- 
thylthiol-2 :3-dihydro-4 :1:2-oxdiazole by the action of acetic anhy- 
dride. 

PHN :C:0+NH,‘NH'CO,Et —> PhNH'CO'NH'NH ‘CO, Et 

(IV) 

Ethy! carbazinate reacts with carbon disulphide and alcoholic 
potash to yield potassium carbethoxydithiocarbazinate which, with 
methyl] iodide gives methy] carbethoxydithiocarbazinate (V) thus: 


Mel 
Et0O,C’NH NH, + CS, + KOH—>Et0,C’NH'NH'CS,K——> 
EtO,C’NH‘NH‘CS,Me 
(V) 
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The correctness of the structure of compouud (V) has been established 
by its synthesis from ethyl chlorocarbonate and methy! dithiocarbazi- 


nate. 
MeS,C’NH'NHg + Cl'CO,Et ——>(V) 


The action of mono- and dialdehydes on ethyl carbazinate proceeds 
in the normal way yielding the corresponding carbethoxy hydrazones ; 


R'CHO + NH,‘NH'CO,Et —>» RCH=N'‘NH‘CO,Et 
(VI) 
CHO 
| + 2NH,'NH’CO,Et —>» CH=N'‘NH'CO,Et 
CHO 
CH=N'‘NH'CO,Et 
(VII) 
Guha and De (J. Indian Chem. Soc., 1926, 2, 228) obtained closed 
ring thiocarbohydrazones from thiocarbohydrazide and o-diktones, 
similar participation of both of the keto groups of o-diketones in 
their reaction with methyl! dithiocarbazinate to form oxdiazine rings 
has been observed by Guha and Guha (loc. cit.). Ethy! carbazinate 
reacts, however, with only one of the ketonic groups of the diketones 
to form the monocarbethoxyhydrazones (VIII) 
co 
bo :N*NHCO,Et 
(VIII) 


Carbonyl and oxalyl chlorides yield carbodicarbazinic ester (IX) 
and oxalyldicarbazinic ester (X) respectively, and not any ring com- 
pound as was the case with methy! dithiocarbazinate in its reaction 
with diacid chlorides (Guha and Guha, loc. cit., p. 241). 


CO 
R¢| + NH,NH‘CO,Et a} RC 
CO 


COCl, + 2NH,"NH°CO;Et —> CO(NH‘NH‘CO,Et), 
(IX) 
cocl 
| + 2NH,'NH‘CO,Et —> CO'NH'NH‘CO,Et 
coci 
CO‘NH‘NH°CO,Et 
(X) 


Phthaly! chloride reacts with carbazinic ester to yield a compound 
C,;H)90,Nq which though stable towards boiling water is de- 
composed into phthalic acid and carbazinic ester when heated with 
strong hydrochloric acid. Ofthe four possible formule (XIa, XIb, 


4 
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=N‘NH-CO,Et 
(XIb) 


CO—N ae 


| CoHC 
CO—N‘CO,Et co—0—C: OEt 

(XIc) (XId) 
XIc, XId), (XIc) and (XId) necessitate the a-iminohydrogen of the 
carbazinic esters to participate in ring formation which from a 
considertaion of the general inertness observed in other reactions, 
does not seem to be very likely; besides a compound of formula (XId) 
possessing an eight-membered ring with the grouping CO‘O°CO 
present in it cannot be expected to be stable. 


EXPERIMENTAL. 


Ethyl carbazinate was prepared according to the method of Theile 
and Lachmann (Annalen, 1895, 288, 267) modified as follows: The 
benzaldehyde compound of the crude carbazinic ester was hydrolysed 
with concentrated hydrochloric acid by heating carefully and the 
resulting solution extracted with hot benzene. ‘The acid solution was 
evaporated on a water-bath almost to dryness and the separated light 
yellow needles of the hydrochloride dried in vacuum over soda lime 
and concentrated sulphuric acid. 

Ethyl 4-phenylthiosemicarbazide-l1-carborylate (I).—Ethyl] carba- 
zinate hydrochloride (5°2 g.) dissolved in alcohol (60 c.c.) was slowly 
added to a mixture of phenylmustard oil (5 g.) and anhydrous 
sodium carbonate (3°9 g.) dissolved in minimum quantity of 
water and the mixture heated under reflux during 3 hours on a 
water-bath. The alcoholic solution was filtered off from the precipi- 
tated sodium chloride and the filtrate concentrated to a small bulk. 
On cooling a quantity of oily substance settled at the bottom which 
soon solidified. This after being freed from unreacted carbazinic 
ester crystallised from alcohol in needles, m.p. 141-42°. It is 
soluble in dilute alkali. (Found: N, 17°51. C,9H,;;0;N28 
requires N, 17°57 per cent). 

4-Phenylimino-3-hydrozy-3 :5-endothio-2 :3-dihydro-1 :3 : 4-triagole 
(II).—Carbethoxyphenylthiosemicarbazide (2 g.) dissolved in exccas 
of 2N-KOH solution was heated under reflux on a sand-bath during 4 
hours. The solution after acidification with dilute hydrochloric acid 
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was concentrated to a small volume and potassium chloride precipi- 
tated by alcohol filtered off. The filtrate on concentration and cool- 
ing gave a solid which crystallised from alcohol in fine white needles, 
m.p. 283-84° (decomp.) It is soluble in dilute alkali and remained 
unchanged on mercuric oxide treatment. (Found: N, 21°15. 
C,H;ON,8 requires N, 21°24 per cent). 

3-Ethoxy-5-thiol-4:1:2-oxdiazole (III).—Carbethoxysphenylthio- 
semicarbazide (2 g.) was boiled under reflux with concentrated 
hydrochloric acid (50 c.c.) for 2 hours. The excess of acid was nearly 
neutralised with dilute sodium hydroxide and the solution concentra- 
trated to a smaller bulk and the sodium chloride precipitated by 
alcohol filtered off. The filtrate was evaporated to dryness and the 
residue crystallised from alcohol in fine microscopic needles, m.p. 
274-75° (decomp.). It is soluble in alkali, yields a disulphide with 
iodine and can easily be desulphurised by red oxide of mercury. 
(Found: N, 19°01. C,H,O,N,8 requires N, 19°1 per cent), 

4-Phenylsemicarbazide-1-carboxylate (IV).—To ethyl carbazinate 
generated from the hydrochloride (2°4g.) was added phenylisocya- 
nate (2 g.) gradually with coastant shaking and the mixture heated 
under reflux for 15 minutes on a water-bath and filtered hot. The 
filtrate on dilution with water gave a brownish oil which soon solidi- 
fied. It was then powdered and shaken repeatedly with ether to 
remove diphenylcarbamide formed by the action of water on the iso- 
cyanate. The ether insoluble residue after being washed with dilute 
hydrochloric acid and water was crystallised from alcohol in prisms, 
m.p. 164-55°. It is insoluble in alkali. (Found: N, 19°84. 
C19H,102N; requires N, 20°48 per cent). 

Methyl carbethorydithiocarbazinate (V).—Ethyl  carbazinate 
hydrochloride (2°8 g.) and carbon disulphide (1°5 g.) were taken in a 
flask together with alcohol sufficient to dissolve the hydrochloride. 
To that an alcoholic solution of potassium hydroxide (l‘1 g.) was 
added gradually under shaking and the mixture gently warmed ona 
water-bath. After cooling, methy! iodide (4°0 g.) was added and the 
reaction mixture after standing for 4 hour was poured into water 
and extracted with ether, the extract shaken several times with dilute 
hydrochloric acid and then with water. After removal of ether, the 
residue was crystallised from alcohol in colourless needles, m.p.90-91°. 
(Found: N, 14°35. C,H, 90OgN2Szq requires N, 14°4 per cent). 

Compound (V) was also prepared by the action of chlorocarbonic 
ester on methy! dithiocarbazinate prepared according to the method 
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of Busch (J. pr. Chem., 1916, 98, 59). It had m.p. 90-91° which 
remained undepressed on admixture with a sample prepared by the 
foregoing method. 

Ethyl o-nitrobenzylidenecarbazinate (VI, R=o-CgH,*NOg).—To 
an alcoholic solution of o-nitrobenzaldehyde (2°8 g.) and ethyl carba- 
zinate hydrochloride (3 g.) was added an aqueous solution of anhy- 
drous sodium carbonate (3°25 g.) and the mixture heated under reflux 
for } hour on a water-bath. The solution was filtered off from the 
precipitated sodium chloride and the filtrate on concentration and 
cooling gave a crystalline solid which after being washed with dilute 
acid and water was recrystallised in light yellow needles from alcohol, 
m.p. 130-81°. (Found: N, 18°4. C,9H,;g0,N, requires N, 18°65 
per cent). 

Ethyl salicylidenecarbazinate (VI, R=C,H,OH) crystallised from 
alcohol in plates, m.p. 129-30°. (Found: N, 13°39. C,9H,,03N, 
requires N, 13°46 per cent). 

Ethyl p-tolylidenecarbazinate [VI, R=CgH,CHs, (p)] crystallised 
from alcohol in light yellow needles, m.p. 116-18°. (Found: N, 
18°42. C,,H4O2Ng requires N, 13°39 per cent), 

Ethyl cinnamylidenecarbazinate (VI, R=CgH,CH:CH) crystal- 
lised from alcohol in colourless needles, m.p. 196-97°. (Found; N, 
12°78. C, 9H,,402Nzy requires N, 12°84 per cent). 

Ethyl piperonylidenecarbazinate(VI, R>CH,0,'C,H;) crystallised 
from alcohol in colourless needles, m.p. 123-24°5°. (Found: N, 12°0. 
C,,;H;,0,Ng requires N, 11°87 per cent). 

Ethyl furfurylidenecarbazinate (VI, R=C,H,0) crystallised from 
alcohol in light brown needles, m.p. 182°5-33°5°. (Found: N, 15°29. 
CgH;,03Ng requires N, 15°38 per cent). 

Ethyl vanilinidenecarbazinate [VI, R=C,H;(OCH3) OH (8:1)] 
crystallised from alcohol in light brown needles, m.p. 162°5—53°5°. 
(Found: N, 11°69. C,,;H,404N, requires N, 11°77 per cent). 

Ethyl glyoxylidenedicarbazinate (VII).—Ethy] carbazinate hydro- 
chloride (2 g.) and sodium glyoxal bisulphite (1°82 g.) were dissolved 
in water and heated on a water-bath for 1 hour, when a white preci- 
pitate separated which being insoluble in ordinary organic solvents 
could not be crystallised. It was boiled with alcohol and dried: at 
100°, m.p. 805-06° (decomp.). (Found: N, 28°58. C,H,,0,N, 
requires N, 28°69 per cent). 

Camphorquinone monocarbethoryhydrazone (VIII).—To an alco- 
holic solution of camphorquinone (1°18 g.) and ethyl carbazinate 
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hydrochloride (1 g.) was added an aqueous solution of anhydrous 
sodium carbonate (0°75 g.) and the mixture heated under reflux 
for 8 hours on a water-bath. The filtered solution was concen- 
trated almost to dryness and the sodium chloride removed after pre- 
cipitation with absolute alcohol. The filtrate on concentration and 
cooling gave a crystalline solid which after being washed with ether 
was recrystallised from alcohol in colourless needles, m.p. 199°5-200°. 
(Found: C, 621; H, 8°34; N, 11-02. C,3;Ho oO3Ne requires 
C, 61°9; H, 7°93; N, 11°19 per cent). 

Pheanthraquinone monocarbethoryhydrazone.—An aqueous al- 
coholic solution of phenanthraquinone (2°9 g.), ethyl carbazinate 
hydrochloride (2°0g.) and anhydrous sodium carbonate (1°5 g.) 
was heated under reflux for 8 hours on a water-bath and the sepa- 
rated solid after being shaken with hot benzene, was washed with 
dilute acid and then with water. It is insoluble in all the ordinary 
organic solvents and could only be obtained as a brown amorphous 
powder from pyridine, m.p. above 320° after softening at 276°. 
(Found: N, 9°38. C,;H,403Ng¢ requires N, 9°53 per cent). 

Acetophenone carbethoryhydrazone [C (PhMe)=N‘NH‘CO,Et]. 
—It was prepared by a process similar to that adopted from the 
preparation of the foregoing compound and was crystallised from 
alcohol in fine colourless needles, m.p. 119°6-20°6°. (Found: N, 
13°41. C,,H,,O,Ny requires N, 13°59 per cent). 

Carbodicarbazinic ester (IX).—A mixture of carbonyl chloride 
(5c c. of 20% solution in toluene), ethyl carbazinate hydrochloride 
(2°0 g.) and anhydrous sodium carbonate (0°8 g.) in dry benzene 
(20 c.c.) was heated under reflux for 3 hours on a water-bath. The 
contents of the flask were filtered and the filtrate evaporated to 
dryness, the residue crystallised from alcohol in colourless needles, 
m.p. 119-20°. (Found: N, 23°75. C;H,,0;N, requires N, 23°9 
per cent). 

Ozalyldicarbazinic ester (X).—The compound was obtained by the 
above process using oxaly! chloride and was crystallised from alcohol 
in colourless plates, m.p. 182-83° (decomp.). (Found: N, 21°08 
CgH,,0,gN, requires N, 21°87 per cent). 

o-Phthalyldicarbazinic ester (XIj).—A mixture of phthalyl chloride 
(2°9 g.), ethyl carbazinate hydrochloride (2°0g.) and anhydrous 
sodium carbonate (2°5 g.) in dry benzene was heated under reflux 
for about 1 hour on a water-bath, The contents of the flask were 
filtered off from the separated sodium ciiloride and the filtrate 
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evaporated to dryness. The residue was shaken with a solution of 
sodium bicarbonate to remove phthalic acid formed during the 
reaction and some unreacted phthaly] chloride washed with dilute 
acid and water and crystallised from alcohol in fine colourless 
needles, m.p. 166-67°, It is soluble in cold alkali and is decomposed 
by boiling concentrated hydrochloric acid into ethyl carbazinate and 
phthalic acid. (Found: N, 12°26. C,,H;,0,Ng requires N, 12°0 
per cent). 

Action of ethyl chlorocarbonate upon ethyl carbazinate: formation 
of ethyl hydrazinedicarbozylic ester.—To a mixture of an alcoholic 
solution of ethyl carbazinate hydrochloride (2°0 g.) and an a queous 
solution of sodium carbonate (0°8 g.), chlorocarbonic ester (2 g.) 
was gradually added with constant stirring. The mixture was 
warmed ona water-bath for about an hour and the separated 
sodium chloride filtered off. The filtrate gave on concentration and 
cooling a solid which crystallised from alcohol in needles, m.p. 131°5- 
82°5°. (Found: N, 15°8. CgH,.0,Nz requires N, 15°9 per cent). 


DEPARTMENT OF ORGANIO CHEMISTRY, 
INDIAN INSTITUTE OF SCIENCE, Received September 11, 1933. 
BAnGALoBs. 


A note of correction.—The compound described in this journal 
(1928, 5, 163) as 2-phenylhydrazino-1:3:4-thiodiazole was prepared 
in this laboratory in connection with some other work and 
was found to contain N, 26°34 and S, 15°20 (not 16°92 as reported 
before) agreeing with the composition CgH;,ON,S which fits in well 
with the formula of formylphenylthiocarbohydrazide, PhNH:-NH‘CS° 


NH'‘NH'CHO. 





A New General Method for Synthesis of o-Aldehydo- 
carboxylic Acids. A Preliminary Note. 


By Satyenpra Nato CHAKRAVARTI. 


There are very few really good methods available for the 
synthesis of substituted o-aldehydo acids. Thus the majority of the 
monomethoxy- and dimethoxy-o-aldehydo acids have either still to be 
synthesised or have been synthesised by methods which are either 
not of general application or are too tedious. At the time when 
these researches were started, only m-opianic acid and opianic acid 
had been synthesised. The synthesis of m-opianic acid was first 
accomplished by Perkin and Fargher (J. Chem. Soc., 1921, 119, 1724) 
in accordance with the scheme :— 


MeO Me 
MeO e 
(ye fy > 
Me MeO\. /COMe 
(I) (IT) 


MeO @ sn MeO 00H 
—> 
ook } 0°COOH Me HO 
(IIT) (TV) 


Unfortunately this excellent synthesis cannot be generally applied, 
firstly because it is very difficult to introduce the acetyl group in the 
required position and secondly, because the oxidation of substances 
of the type (II) give rise to a variety of different products which are 
often difficult to separate. Reimer-Tiemann’s reaction cannot also 
be used as a general method for the synthesis of o-aldehydo 
acids (cf. Perkin and Stoyle, J. Chem. Soc.. 1923, 123, 3172). 

The only other method which has been tried successfully is the 
method of the oxidation of phthalides. Thus opianic acid has been 
obtained by the oxidation of meconine. 

This method is, also, of only limited application as is shown by 
the failure of attempts of direct oxidation of ~-meconine (Solomon, 
Ber., 1887, 20, 888; Edward, Perkin and Stoyle, J. Chem. Soc., 
1925, 196; Chakravarti, J. Indian Chem. Soc., 1929, 6, 208), of 3:4- 
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methoxylenedioxyphthalide (Perkin and Trikofus, J. Chem. Soc, 
1926, 2931), of 4:5-methylenedioxyphthalide (Stevens and Robertson, 
ibid., 1927, 2791) and of 4-methoxyphthalide (Chakravarti and Perkin 
ibid., 1929, 197). The present author tried a number of devices to 
to get over this difficulty (loc. cit., p. 209). In the case ef ¥-meconine, 
more recently:still, Robinson and Greenwood succeeded in converting 
it into y-opianic acid by first converting y-meconine into (-¥-gnos- 
copine and then oxidising it (J. Chem. Soc., 1932, 1371) 

The present author tried to devise a numberof general methods 
for synthesising methoxy-o-aldehydo acids in 1928. As a result of 
this and subsequent work, two general methods have been developed, 
one starting from the hydrindones, and the other from the substituted 
derivatives of naphthalene. In the latter method, symmetrically 
disubstituted or symmetrically tetrasubstituted naphthalene deriva- 
tives are oxidised with alkaline permanganate under special condi- 
tions. To take an example, when 2:6-dimethoxynaphthalene (V) is 
oxidised, 5-methoxyphthalonic acid (VI) is first formed which is 
readily converted into 5-methoxyphthalaldehydic acid (VII) 


OMe 
Me 
[- * 
CO:'COOH COOH 
MeO | 
MeO\ /COOH \/CO'COOH 
J | (VI) 
MeO se MeO A\ COOH 
| 
hoon \ /cHO 


(VII) 


The idea behind the synthesis is that whichever benzene ring is 
ruptured during oxidation, a methoxyphthalonic acid must be formed 
under suitable conditions. A number of such synthesis has been 
effected and an account of the synthesis of all the methoxyphthala- 
Idehydic acids and the three opianic acids by this method is reserved 
for a future communication, 
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EXPERIMENTAL. 


As a result of a series of comparative experiments, the following 
two conditions of oxidation were arrived at as giving the best yields 
of the substituted phthaladehydic acids. 

(i) A mixture of the substituted naphthalene (1 mol.), sodium 
hydroxide (1 mol.), 6% aqueous potassium permanganate solution 
(8 mol.) were heated together with constant shaking till decolorised 
(8 to 4 hours). The oxidation was generally effected in 20 g-wts. 

(iti) Ina 2 litre flask provided with a good mechanical stirrer, a 
reflux apparatus and a dropping funnel, the substituted naphthalene 
derivative (0°25 mol.) was suspended in 2% solution of sodium hy- 
droxide (250 c.c.) and the mixture heated to boiling. To the boiling 
solution was added gradually during the course of 2 hours a hot 10% 
aqueous potassium permanganate solution (23/8 mols). After the 
last addition of permanganate, the mixture was boiled for another 4 
hour to complete the oxidation. 

The oxidation product was generally worked up as described below 
in the case of 2:6-dimethcxynapbthalene. Yields of the final 
o-aldehydo acids vary from 15 to 40%. Oxidations under condition 
(i) generally give larger quantities of the phthalic acids, although 
the net yield of the substituted o-aldehydo acids is as good, if not 
better as under the condition (ii). Under condition (ii), more of 
the starting substance is left unoxidised. For obtaining the best 
yields it is necessary to have the naphthalene derivative in as pure 
a state as possible. 

During these experiments it has been found that if the object 
is to synthesise the uldebydo acids, it is not at all necessary to iso- 
late the substituted phthalonic acids, as the aldehydo acids crystallise 
much better. 

Preparation of 2:6-dimethorynaphthalene.—2 :6-Dihydroxynaph- 
thalene was prepared and purified according to the directions given 
by Willstatter and Parans (Ber., 1907 40, 1410). Pure 2:6-diby- 
droxynaphthalene was convered into 2:6-dimethoxynaphthalene in 
almost quantitative yields by carrying out the methylation with dime- 
thylsulphate in methyl alcohol solution, sodium hydroxide solution 
being added gradually from time to time so as to keep the solution 
just alkaline. 

Oxidation of 2:6-dimethorynaphthalene was carried out as des- 
cribed under (i) and (ii). After the oxidation was over, the mixture 


5 
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was cooled and the precipitated managanese dioxide and the unchang- 
ed substance were filtered off. The. filtrate was made just acid 
with concentrated hydrochloric acid and then evaporated to dryness. 
The residue was then dissclved in water, the solution neutralised and 
treated with excess of sodium bisulphite (generally for 1 mol. of the 
naphthalene, 2 mol. of the blsulphite were used) and evaporated to 
dryness on the steam-bath and then the residue heated for 4 hour 
at 120° in an air oven. ‘The residue thus obtained was then twice 
stirred up with excess of concentrated hydrochloric acid and evapo- 
rated to dryness on the steam-bath in an open dish. This residue 
was then extracted twice with boiling benzene and the combined 
benzene extract allowed to remain for a few hours when small 
amount of substance (A) rapidly separated. The filtrate from this 
was concentrated toa small volume and allowed tocrystallise. A 
crystalline substance soon separates, the melting point of which in 
crude state is 125°. On _ repeated crystallisation from water, 
the substance separated in beautiful rosettes of needles, m.p. 144°. 
This substance is 6-methoxyphthalaldehydic acid. (Found: C, 599, 
59°8; H, 4°4, 4:3. C,H,O, requires C, 600; H, 44 per cent). 
The identity of this substance was established by taking the mixed 
melting point with 5-methoxyphthalaldehydic acid obtained from 
5-methoxyphthalonic acid. It also forms an oxime. 


The substance (A) was found to be very sparingly soluble in ben- 
zene and very readily soin cold water. On reboiling with benzene 
it melts at about 150° and is probably impure 4-methoxyphthalic 
acid. It is also l‘kely that the mother liquors from 5-methoxyphthal- 
aldehydic acid may «contain small amounts of 4-methoxyphthal- 
aldehydic acid. This point is being further investigated. 


In a preliminary experiment attempts were made to isolate the 
phthalonic acid first. But this acid does not crystallise readily and 
is difficult to isolate in view of the fact that it is far more soluble 
in water than in benzene. An aqueous solution of the phthalonic 
acid obtained from 2:6-dimethoxynaphthalene was treated with an 
acetic acid solution of phenylhydrazine when on vigorous stirring 
and allowing to remain a pale yellow crystalline substance separated, 
m.p. 200°. On repeated recrystallisations yellow coloured needles, 
m.p, 223° were obtained. This substance was found to be identical 
with 6-methoxy-3-phenyl-phthalozon (4) carboxylic acid (1) obtained 
from 5-phthalonic acid by the method of mixed melting points. 
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Synthesis of 5-methoryphthalaldehydic acid was effected according 
to the conditions described before (Chakravarti and Perkin, loc. cit., 
p. 199). It was then oxidised to 5-methoxyphthalonic acid by the 
method of Fritsch (Annalen, 1897, 296, 359). 5-Methoxyphthalonic 
acid (11°5 g.) was dissolved in sodium carbonate solution (56g. in 
55 c.c.), and the solution evaporated to dryness. The residue was 
dissolved in 40% sodium bisulphite solution (40-50 ¢.c.) and evapora- 
ted to dryness on the water-bath. This residue was heated for an 
hour at 120° and then treated twice with concentrated bydrochloric 
acid and the solution evaporated to dryness. The residue was com- 
pletely extracted with benzens. Oa concentrating the benzene solu- 
tion and allowing to stand, a crystalline substance was deposited. 
On being recrystallised twice from water 5-methoxyphthalaldehydic 
acid separated in beatiful neelies, mp. 144°. (Found: C. 599; 
H, 4°3. C,Hg9, requires C, 60°0 ; H,4°4 per cent). 
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Influence of Light on Nitrification in Soil. 


By N. R. Daar, A. K. Baatrracuarya AND N. N. Biswas. 


In previous publications from these laboratories (Gopala Rao 
and Dhar, Soil Sci., 1931, 31, 379 ; Dhar and Gopala Rao, Sir P. C. 
Ray Comm. Vol., J. Indian Chem, Soc., 1953, 81 ; Dhar, Bhatta- 
charya and Biswas, Soil Sci., 1933, 35, 281), ithas been shown that 
nitrification in soils of tropical countries is more photochemical in 
nature than bacterial. 

The object of this paper is (i) to show from exactly comparable 
experiments that the amounts of ammonium salts oxidised are 
much greater in presence of sunlight than in the dark with both 
sterilized and unsterilized soil ; the conditions for the experi- 
ments on nitrification were more or less similar to those occurring 
under natural conditions in the field; (ii) to show that more 
ammonia and nitrite are formed from urea and egg yellow in some 
in sunlight than in the dark; (iii) to show that the phenomenon of 
ammonification in soil is mainly an oxidation reaction accelerated by 
light, in case of temperature and acration and soil surface and; (iv) 
to show briefly that the exicting theories, explaining the increased 
production of ammonia and nitrate on dryiug the soil, on heating it 
or baking it in sunlight or sterilizing it by volatile antiseptics, are 
insufficient and to suggest a new explanation of the observations. 


EXPERIMENTAL. 


A hole was dug 9” deep in the grass land in the laboratory 
compound for the collection of the soil, which was not manured 
for some years. The soil was crushed, passed through a sieve with 
1 mm. bore and dried in air at 830°. For sterilizing the soil, it was 
heated in an air-oven for 180 hours at 140°, All the chemicals and 
glass apparatus used in the experiments were sterilized in an auto- 
clave at 20 lbs. pressure for an hour. The distilled water was steri- 
lized by boiling. 

For the nitrification experiments, 6500 g. of the soil were 
mixed, with 5g. of ammonium saltg and 189 g. of sterilized 
distilled water exposed to light in loosely covered glass vessels or 
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about a year beginning from 2nd August 1932. During this period, 
on three occasions (10th August, 22nd October 1932 and llth May 
1933), 180 g. of sterilized distilied water were added and the 
soil containing the salts were carefully mixed up by stirring with 
sterile glass rod. Blank experiments under identical conditions 
were carried on in the dark by covering the glass vessels with a 
thick layer of black Japan enamel. For the experiments in the dark, 
these vessels were also placed in the sun to attain approximately the 
same temperature as those receiving sunlight. 

After the completion of the exposure, the hard and dry soil was 
carefully powdered and 50 g. were taken out for analysis. The 
unchanged ammonium salt was estimated by adding potassium 
hydroxide in excess to the soil and distilling the ammonia set free 
and absorbing it with a standard solution of sulphuric acid. After 
the distillation of the ammonia, 1 g. of chemically pure Devarda’s 
alloy was added to t’ soil containing alkali and the nitric nitrogen 
found by the oxidation of the ammonium salt was reduced to 
ammonia, which was distilled off and absorbed in sulphuric acid. 
In our experiments in order to drive off the first lot of ammonia, 
the flask containing the soil and ammonium salt and alkali was 
heated on a water-bath for more than 1 hour and then air was 
aspirated for 4 hour. The reduction of the nitric nitrogen by 
Devarda’s alloy was carried on for 1 hour and again air was aspirated 
for } hour. We have tested in our experiments that heating with 
caustic alkali for alonger period does not appreciably increase the 
amount of ammonia liberated. 

For the experiments on ammonification with egg-yellow, fresh 
eggs were carefully washed with dilute solutions of potassium per- 
manganate and broken with a sterile glass rod and the yellow was 
separated from the egg-white and a suspension was prepared in a 
sterile flask with sterilized distilled water. The suspension was 
mixed with different amounts of sterilized or unsterilized soil (or zinc 
oxide or titanium oxide) and exposed to light in 100 c.c. graduated 
cylinders. Another set was kept in the dark for comparison. Simi- 
lar experiments were carried on with urea, which had already been 
sterilized by heating the solid in an autoclave. The loss of water 
due to evaporation was made up by the addition of sterile distilled 
water. These experiments were continued from November 1932 to 
March 1933. After the necessary exposure, the total nitrogen was 
estimated according to the method developed by Iodlbauer and Dyer 
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(cf. Thorpe and Whiteley ‘‘Organic chemical analysis’’, 1926, p. 
82). The ammonia formed from ammonification was estimated by 
Folin’s method. The total amount of nitrogen in the egg-yellow 
suspension was determined by the Kjeldahl method before the ex- 
posure was started. 

The soil with which all the experiments were carried on was 
analysed for its ammonia and nitric nitrogen contents in exactly the 
same way as described inthe nitrification experiments. The 
amounts‘of NH; and NO, in 100 g. of soil are 0°006 g. and 0°0078 g. 
respectively. 


The experimental results are given in Table I. 


TaBLe I, 


Nitrification of ammonium salts exposed to sunlight for 550 


hours. 
Condition. Nature of soil. Amount cf salt Amount of salt Percentage 
unoxidised. oxidised. oxidised. 
NH,Cl 

Sunlight unsterilized 1°9 g. 2°6 g. 58 

Dark ” 4°2 07 14 

Sunlight sterilized 2°3 2°38 50 

Dark o 44 0°65 10°23 
(NHy)sHPO, 

Sunlight unsterilized 1°85 g. 2°8 g. 60°2 

Dark ” 44 0 55 111 

Sunlight sterilized 2°15 2°75 55 

Dark ” 46 0°38 6 
(NH,:HPO, 

Sunlight unsterilized 8°35 g. 1°15 g. 23 

Dark “ 4°75 0°15 & 

Sunlight unsterilized 4°2 08 16 

Dark - 4°85 o1 2 


In obtaining these values, corrections due to the presence of very 
small amounts of ammonia and nitrate present in the original soi] 
have been introduced. 
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20 G. of the original soil when shaken with 20 c.c. of water 
gave ap, value 7°3. The ps of the exposed soils varied from 6°6 to 
7°1. It was observed that the p, of the soils receiving sunlight was 
slightly less than those in the dark. This was due to the fact that 
in the vessels receiving the solar radiations, there was greater oxida- 
tion of the ammonium salts and the consequent replacement of the 
basic radical by an acidic substance. 


From the foregoing results it will be seen that the total amounts 
of the ammonium salts did not materially differ after a year from 
the amounts introduced. In presence of light, the amounts varied 
from 4°5 to 5 g.; in the dark the variation was much less and it was 
from 4°9 to 5g. which was the amount introduced. Hence in our 
experiments specially in the dark, there was practically no loss due 
to denitrification. As the estimations of ammonia and nitric nitro- 
gen in the original soil, in the soil kept inthe dark and in the soil 
exposed to sunlight were carried on exactly in the same manner, the 
results obtained are certainly comparative. 


TABLE II. 


Ammonification and nitrification of 2 per cent urea solutions 
exposed to sunlight for 225 hours. 


Wt. of soil Percentage Percentage Wt. of soil Percentage Percentage 
in g. of ammonia of nitrite ing. ofammonia of nitrite 
formed. formed. formed. formed. 
3 1 (light) 15°7 10°8 FE: 20 (light) 14°54 10°8 
5 1 (dark) 8 65 3 20 (dark) 87 4°68 
Pp 
( ts. 

3 1 (light) 14 94 | 50 (light) 19°53 12°7 
Slat 682 576 = | 50 (dark) 197 
al =) 
3 = 
s f 20 (light)  18°0 12°6 s 50 (light) 185 17°96 
: | (dark) = -:12°1 10°1 3 [1 (dark)  8°9 7°97 
=) 
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TaBLeE III. 


Ammonification and nitrification of 2 per cent suspensions of 
egg-yellow exposed to sunlight for 225 hours. 


Wt. of soil or Percentage Percen'age Wt. of soil or Percentage Percentage 
catalyst ing. of ammonia of nitrite catalyst ing. of ammonia of nitrite 


formed. formed. formed. formed. 
3 — 178 4°02 wo 32°93 7°64 
= 
$ (1 (dark) 7°88 2°46 $ 50 (dark)  26°7 6°28 
8 8 
? (light) 16° 3°25 3 _ 97°85 8°33 
§ (1 (ark) 9°45 S$ (58 (dark) 21°67 4°8 
o o 
i] i] 
& — 24°38 6°95 s ‘ TiO,(light) 4°93 
2 2 
= (20 (dark) 16°5 2°46 3 (1 TiO,(dark) 3°31 
S 3 
2 ‘s (light) 76 16 06=Ct«‘<S 4 ZnOllight) 6°38 1°66 
§ (20 (dark) 3 1 ZnO(dark) 4°93 0 

Discussion. 


These experiments were carried on in tall glass cylinders and 
hence the amount of air available was small and the percentage of 
ammonification and nitrification has not been large but the experi- 
mental results show that in presence of light, the amounts of 
ammonia and nitrate formed are always greater than those in the 
dark with both the sterilized and unsterilized soil. Moreover, the 
amounts of ammonia formed are always greater than the amounts 
of nitrite obtained. It is also apparent from the foregoing experi- 
ments that the amounts of ammonia and nitrite formed increase 
with the amounts of the soil. This happens because both ammoni- 
fication and nitrification are increased by an increase of the surface 
on which oxidation can take place. 

The experimental results in Table I show that on exposing the 
ammonium salts to light mixed with soil, the greater part of the 
ammonium compound is oxidised to nitrite after 560 hours’ exposure 


6 
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to sunlight with ammonium phosphate and chloride. The sulphate is 
much less oxidised. The oxidation in the vessels coated with black 
japan enamel is much smaller than in those receiving light. If 
nitrification were mainly a bacterial process, the amount of nitrifica- 
tion in the vessels in the dark with unsterilized soil should not have 
been materially different from those exposed to light. 

Moreover, the amount of nitrite formed in the vessels with the 
sterilized soil is not very different from the vessels containing the 
unsterilized soil, the maximum difference in the percentage nitrified 
in the sterilized and unsterilized soils does not exceed 8 per cent. 
The germicidal property of sunlight seems to be well known. 
According to Warington (Chem. News, 1877, 36, 263), light hinders 
the activity of nitrifyingo rganisms. Waksman (‘‘Microbiology’’, 1927, 
p. 35) has stated that due to the antiseptic properties of solar radia- 
tions, the number of bacteria is less on the surface of soils exposed to 
sunlight. We are determining the number of nitrifying bacteria in our 
samples of soil and from our preliminary results obtained according 
to the silicic acid gel method of Winogradsky, we find that the 
number of nitrifying bacteria in a gram of the original soil is not far 
from 8000. When the soil is exposed to sunlight, the bacteria are 
likely to be killed due to the joint action of light and increased 
temperature and that is why the amount of nitrification in the vessels 
exposed to light and containing unsterilized soil is not markedly 
different from those containing the sterilized soil. Moreover, the 
nitrification in the vessels kept in the dark and containing unsteri- 
lized soil is not widely different from those with the sterile soil. 
It seems likely that due to the high temperature also prevailing in 
the dark vessels, the bacteria could not survive. 

As the light and dark experiments are exactly comparable, any 
bacterial contamination due to the introduction of air containing dust 
particles would affect the nitrification in all sets equally because 
the experiments were conducted at the same place. The results of 
our experiments, however, show that nitrification is only prominent 
in vessels receiving sunlight and this is not likely to be a matter 
of chance only. A similar behaviour is observed in the ammonifica- 
tion experiments. 

Last summer we measured the soil temperature at Allahabad and 
in the month of April, it went up to 50° at two inches deep. May 
and June, 1933, were frequently cloudy and the summer was a mild 
one. Inthe months of May, June and July, 1932, after exp sing 




















INELVENCE OF LIGHT ON NITRIFICATION IN SOIL 705 


ammonium salt solutions mixed with soil to sunlight for 700 
hours, we get oxidation of 80% with ammonium chloride and 89% 
with ammonium phosphate, whilst in the dark, the figures 
were 4°8% for ammonium chloride and 1°4% for ammonium 
phosphate (cf. Dhar, Bhattacharyya and Biswas, loc. cit.). The 
summer of 1932 at Allahabad was more severe than that of 
1933 and that is why there was greater oxidation of ammonium 
salts in light in 1932 than in 1933. Moreover, there is another 
factor; in the experiments carried on in the months of May, June 
and July, 1932, this ammonium salts and soil were always kept wet 
by the frequent addition of water, whilst for the experiment recorded 
in this paper, the soil was allowed to dry up completely in order to 
have the experimental cond.tions similar to those occurring under 
natural conditions in the field. The oxidation of ammonium salts is 
greater in the wet condition of the soil than when it is hard and dry. 
Leather, working at Pusa, stated that the maximum temperature 
at Pusa may rise to 70° at the soil surface and 60° at the depth of 1 
or 2 inches. 

In Egypt the recorded temperature is 65° at the surface and 
56° at a depth of 2 inches. From recent measurements in our 
laboratory on the influence of temperature on bacterial nitrification, 
we find that 35° is the optimum temperature for bacterial nitrifica- 
tion, which becomes practically negligible at 50° due to the harmful 
influence of high temperature on bacteria. Hence in tropics, nitri- 
fication in soil cannot be much of bacterial origin in the months of 
April, May, June and July. Inthese very months, the amount of 
nitrate in soils is. however, the greatest (Compare Dhar and Gopala 
Rao, loc. cit.). Evenin colder countries like England, Germany, 
etc., the soil temperature may go up to 35° or more in summer 
(Vide, Russel, ‘‘Soil Conditions and Plant Growth’, 1932, p. 468), 
although the optimum temperature for bacterial nitrification is stated 
to be 25° in cold countries. In these countries, bacterial nitrification 
must be greatly hindered in the summer months due to the soil 
temperature becoming much greater than the optimum temperature 
for bacterial nitrification, though the nitrate content of the soil in 
these countries is also largest in the summer time. 

Dhar aad Atma Ram (J. Indian Chem. Soc., 1983, 10, 287) 
have shown that in the photo-oxidation of organic substances, 
specially the amino-acids and hydroxy compounds, appreciable 
amounts of formaldehyde are formed. The formaldehyde produced 
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in the photo-oxidation of organic compounds present in the soil is 
likely to hinder in the bacterial processes taking place in the soil 
due to the harmful influence of formaldehyde on micro-organisms 
and hence the nitrification in the soil due to bacteria will be curtailed 
by the presence of the formaldehyde, which is a powerful antiseptic 
and is produced in soil by the oxidation of the organic compounds by 
air in presence of light. 


In a private communication to one of the authors, Dr. A. 8. 
Corbet working at the Agricultural Research Station, Bracknell, 
Berkshire, makes the following statement, ‘‘From my experience 
in Malaya, where I was particularly struck by the paucity of soil 
micro-organisms, I should think your results on photo-nitrification 
are of quite general application in tropical countries’’. 


In the unmanured soil of the Institute de Brie-Comte-Robert, 
Winogradsky found only a few living organisms, three or four 
kinds of cocci, a few azotobacter, some mycelium of actinomyces 
and a few yeast but no bacilli or moulds. These are regarded by 
Winogradsky as the normal population of the soil. 


The foregoing observations make it clear that the process of 
nitrification in soils, specially in tropical countries, is certainly due 
more to sunlight than to bacteria. 


Ammonification—an Ozidation Process. 


In a recent communication (Dhar and Atma Ram, loc. cit.), it has 
been shown that aqueous solutions of amino-acids. like glycine, very 
readily form formaldehyde and ammonia and carbon dioxide when 
exposed to air and light: 


CH,NH,COOH—>CH,(0OH)COOH—>HCHO + CO, +NH; +H,O 
+H,0+0 +0+NH; 


Many years ago Otto Neubauer (Deut. Archiv. klinische Medizin, 
1909, 95, 211) stated that in the animal body the process of ammo- 
nification or de-amination might be one of ozidation and not 
hydrolysis. The first stage in tho process of ozidative de-amination 
can be represented as follows: 
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R'CH'NH,'‘COOH+0 = R'CO'COOH+ NH; 


The first step in the oxidative de-amination from glycine is expected 
to be glyoxalic acid and from alanine pyruvic acid CH,COCOOH. 

That this method of oxidation is actually taking place in the 
animal body was evident when Neubauer gave phenylglycocoll to 
a dog and found phenylglyoxalic acid and mandelic acid in the 
urine. 


C,H; C,H; C,H; 

CHNH, —> CO — CHOH 

COOH COOH boom 
Phenylglycocoll  Phenylglyoxalic acid Mandelic acid. 


Experiments in progress in these laboratories show the amounts of 
ammonia obtained on exposing solutions of amino-acids like glutanic 
acid, asparatic acid etc., to light, increase on passing air through the 
solutions of amino-acids. These are cases of oxidative de-amination, 
The formation of ammonia from these amino-acids is greatly 
increased by the presence of solid surfaces like ZnO, TiO,, SiOz, etc. 


It appears that in the soil as well, formation of ammonia from 
the amino-acids obtained from protein decomposition is, mainly an 
oxidative de-amination. The amino-acids have been readily oxidised 
in vitro by Palit and Dhar (cf. Dhar, ‘‘New Conceptions in Bio- 
chemistry,’’ 1932) simply by passing air in presence of inductors 
like ferrous hydroxide, cerous hydroxide, sodium sulphite etc., and 
on charcoal surface by Warburg. Moreover, aqueous solutions of 
amino-acids are very easily oxidised by air in presence of light; the 
oxidation of glycine solutions by air is a highly photosensitive 
reaction. We are of the opinion, therefore, that the formation of 
ammonia in the soil is a surface reaction and an oxidation process 
taking plac: on the soil surface with liberation of energy. The 
amino-acids adsorbed on the soil surface are being oxidised to 
ammonia by the adsorbed oxygen of the air and this chemical change 
like the process of nitrification in soil can take place even without 
the presence of bacteria or fungi and is considerably accelerated by 
light. 


This theory easily explains many obscure phenomena taking 
place in the soil. According to this view point any agency, which 
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increases either the soil surface or soil temperature or aeration or the 
amount of light falling on the soil, will lead to increased ammonia 
formation as well as nitrification. 

According to Lathrop (J. Franklin Inst., 1917, 183, 169, 303, 
465), histidine, hypoxanthine, cytosine, xanthine, nucleic acid, creati- 
nine, cyanuric acid etc., are of common occurrence in the soil. 
Marchal (Bull. Acad. Roy. Sci. Belg., 1895, 27, 71) stated that the 
formation of ammonia from protein is favoured by increase of tem- 
perature, complete aeration and a slightly alkaline medium. More- 
over, Gainey (Soil Sci., 1919, 7, 293) reported that insufficient 
aeration and moisture resulted in a decrease in ammonia formation 
from dried blood and cotton seed meal. According to Temple 
(Compare Waksman, ‘‘Microbiology’’, 1927, p. 688), the differen- 
ces obtained in ammonia formation in different soils are due 
to a number of causes other than the microbial flora of the 
soil. 

That ammonification in soil is mainly an oxidation reaction is 
apparent from the statement of Terroin and Wurmser (Compt. 
rend., 1922, 174, 1435 ; 1922, 175, 228) that a large loss of 
energy is associated with the process of ammonia formation in 
soil. 

In recent experiments carried on in these laboratories it has been 
observed that the optimum temperature for bacterial ammonification 
of urea solutions in presence of soil is 40° ; the velocity of this 
process at 50° is exceedingly small and stops completely at 55°. 
Hence in tropical soil, very little of bacterial ammonification of urea 
is possible in the hot weather, as the soil temperature exceeds 60° 
in many cases. 

In publications from these laboratories (Dhar, ‘‘ New Concep- 
tions in Biochemistry,’’ p. 100) it has been emphasised that the 
oxidation of energy-rich substances by air in vitro and in vivo 
is markedly accelerated by alkali; the same behaviour has 
been observed in the ammonification in soil as stated by 


Marchal. 


An Explanation of Increased Soil Fertility on Partial Sterilization 
of Soil and on drying it. 


The favourable influence of the drying of soil upon the growth of 
higher plants is well known. Different soils behave differently in 
this respeet, heavy soils showing greater differences than light soils. 
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Burning the humus in situ sets free plant nutrients and accentuates 
nitrification. It is stated that in Sweden this step is taken for the 
regeneration of the soil. 


The beneficial effect of fire upon soils has been reported by 
Worley (Nature, 1933, 131, 787) and Topham (ibid., 1933, 182, 
102). Similarly partial sterilization of soils leads to their increased 
fertility. According to Russel and Hutchinson (J. Agric. Sci., 1909, 
8, 111; 1918, 5, 152) partial sterilization of soil by heating it to 60° 
or treatment with volatile antiseptics, increases the rate of oxidation 
in the soil. Russel (‘‘Soil Conditions and Plant growth’’, 1932, p. 
441) makes the following interesting statement on this point—‘‘ The 
fact has long been known to cultivators of the soil. Heating the 
soil has been practised from time immemorial in India, the process 
is called ‘‘rab’’ and is mentioned in the Vedas; the burning of 
stubble was known by the Romans to increase the fertility of the 
soil, and various possible explanations were shrewdly put forward 
by Virgil. Exposure of the soil to the baking heat of the 
sun is an ancient practice still common in India and in Egypt, 
where it is known as sheraqui and has been studied by J. A. 
Prescott and shown to be due partly to microbiological and 
partly to physical causes. Lebedjantzev considers that this 
repeated drying and heating of the soil plays no smal! part in 
maintaining its fertility in hot countries. The effects on the plant 
are in all cases described as resembling those of nitrogenous 
manure’, 


‘‘ This increased production of ammonia and nitrate is nota 
necessary consequence of the higher numbers of organisms ; on the 
contrary, higher numbers, e.g., those induced by adding non-nitro- 
genous organic matter to the soil, might depress the ammonia and 
nitrate content by taking up these substances for their own nutrition. 
The increased production of ammonia and nitrate is a distinct phe- 
nomenon and several explanations have been put forward to account 
for it.’”” Waksman (‘‘Microbiology’’, 1927, p. 746) states ‘‘ steriliza- 
tion by heat results also in the destruction of the nitrifying bacteria ; 
it brings about a decided increase in the amount of ammodia 
accumulated in the soil’’. 


‘* A large number of antiseptics bring about true partial steriliza- 
tion with the following results: 


1. The destruction of the protozoa and nitrifying organisms. 
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2. An initial increase of ammonia followed by a considerable 
increase in the rate of ammonia formation and consequently of soil 
productivity. 

8. The complete or almost complete destruction of the soil 
fungi, of soil nematodes and other soil infesting worms and insects 
etc’. 

‘‘TIt is sufficient to mention, among the volatile antiseptics, 
toluol, carbon disulphide and chloroform. Concentrations of 1 to 4 
per cent of the disinfectant are allowed to act upon the soil for 12 
to 48 hours, the soil is then aerated so that the disinfectant may 
evaporate”’. 

From the foregoing quotations, it will be evident that the increa- 
sed production of ammonia and nitrate on drying the soil, on heating 
it or sterilizing it by volatile antiseptics is not due to higher number 
of organisms in the soil. Hence the protozoan and other existing 
theories based on microbic action are insufficient to explain this in- 
creased soil fertility. The view advanced in this paper can satisfac- 
torily explain this interesting observation based on experience. On 
drying, on heating and sterilizing with volatile antiseptics, the soil 
surface and the aeration are increased and hence the oxidation of the 
amino-acids by atmospheric oxygen leading to the liberation of 
ammonia and its subsequent oxidation are increased. Moreover, 
sunlight or diffused day light is always present and is accelerating 
the formation of ammonia from amino-acids and its oxidation to 
nitrite. It appears that the increased fertility on heating the soil 
or exposing it to sunlight as is done by cultivators in many countries 
is mainly due to increased oxidation of the nitrogenous compounds, 
mainly the amino-acids. by air causing the formation of ammonia and 
increased nitrification brought about by making the soil more porous 
and the accentuation of the air supply and increased soil temperature 
and above all by the light absorption. 

It seems that both ammonification and nitrification in soil are 
oxidation reactions markedly accelerated by heat and light and both 
the processes may be actively going on in presence of light even in the 
absence of bacteria. 

According to Maximov (‘‘Plant Physiology’’, 1930, p. 50), Russian 
black soils contain 05% organic nitrogen, 0°02% ammoniacal 
nitrogen and 0°003% of nitric nitrogen. The grey forest soils 
contain 0°25, 0°001 and 0°0008% and the sandy soil, of Leningrad 
0°09, 0°002 and 0°0009% . 
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Wyatt, Ward and Newton (J. Agric. Sci., 1926, 7, 1) have stated 
that in the case of some soils rich in organic matter, as in the fertile 
praire soils, the transformation of ammonia into nitrate is a slower 
reaction than the production of ammonia, which, therefore, increases 
in the soil. 

It appears that in soils, the processes of ammonification and 
nitrification go on simultaneously, the velocity of the oxidation of the 
amino-acids forming ammonia appears to be greater than the velocity 
of the oxidation of the ammonium salts and ammonia to nitrite and. 
nitrate by air and hence in many soils, the amount of nitric nitrogen 
present is less than that of ammoniacal nitrogen. Our experimental 
results obtained on exposing urea solutions and egg-yellow suspen- 
sions to light show that the amounts of ammonia formed are always 
greater than the amounts of nitrite produced. The soil with which 
our experiments have been performed contained more nitrate than 
ammonia, perhaps due to the greater oxidation of ammonium salts in 
presence of sunlight. 

Further work on photo-ammonification and nitrification and bac- 
terial count are in progress in these laboratories. 


SumMarY. 


1. When ammonium salts mixed with sterilized or unsterilized 
soils are exposed to sunlight in contact with air for 550 hours, the 
exposure being spread over a year, the amounts of the ammonium 
salts oxidised to nitrite are as follows: 


Ammonium chloride (sterilized soil) Eh anit «. 685%. 

- es (unsterilized soil) ia on > oa 
Ammonium phosphate (sterilized soil) on _ ou. & 

- é (unsterilized soil) ve sis --- 60°2 
Ammonium sulphate (sterilized soil) ows _ w« 

‘s % (unsterilized soil) nie wi oo ©28 


The oxidation in the dark is much less and lies between 14 to 2%. 

2. The amounts of ammonia and nitrite formed on exposing 
solutions of urea or suspensions of egg-yellow mixed with sterilized 
or unsterilized soil to sunlight for 224 hours are always greater in 
light than in the dark. The amounts of ammonia are greater than 
those of nitrite produced. 

8. The optimum temperature for bacterial nitrification in hot 
countries is 85°, whilst the soil temperature in summer months may 


7 





: 
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be 70°. Hence nitrification in the summer cannot be appreciably 
due to bacteria, although the nitrate content of soil is greatest in the 
summer. 

4. The formaldehyde formed in the photo-oxidation of organic 
compounds present in the soil is likely to exert harmful effect on the 
bacterial process taking place in the soil. 

5. The process of ammonification in soil, that is, the forma- 
tion of ammonia from the amino-acids obtained from protein decom- 
position appears to be mainly an oxidative de-amination taking place 


- on the soil surface by the oxygen of air aided by light. Any agency, 


which increases either the soil surface or soil temperature or aeration 
or the amount of light falling on the soil, will cause increased ammo- 
nia formation as well as nitrification. 

6. The increased production of ammonia and nitrate on drying 
the soil, on heating it or taking it in sunlight or sterilizing it by 
volatile antiseptics can not be explained from the protozoan and 
other existing theories based on microbic action, because all these 
processes lead to a decrese in the number of organisms present in the 
soil. The soil surface and aeration, however, are increased by these 
processes and hence the oxidation of amino-acids by atmospheric oxy- 
gen leading to the liberation of ammonia and its subsequent oxidation 
to nitrite are increased, these oxidations being accelerated by light. 

7. It appears, therefore, that both ammonification and _nitri- 
fication in soil are oxidation reactions markedly accelerated by light 
and heat and both these processes may actively go on in presence of 
light even in the absence of micro organisms. 


Our best thanks are due to Messrs Jagabandhu Mittra, M.So. and 
Rabindranath Ghosh M.Sc. for helping us in the experiments. 


CHEMICAL LABORATORY, . 
ALLAHABAD UNIVERSITY, Received August 14, 1933. 
ALLAHABAD. 























Variation of the Cataphoretic Speeds of Colloidal 
Particles. Part VI. Further Experiments on 
the Variation of the Cataphoretic Speeds 
with Dilution of the Colloidal Solution 
and in Presence of Added Electrolytes. 


By JNANENDRANATH MUKHERJEE, SATYAPRASAD RoYCHOUDHURY AND 
SANTIRANJAN PALIT. 


The results published in earlier parts (J. Indian Chem. Soc., 1925, 
2, 296; 1927, 4, 493; 1928, 5, 697; 1928, 5, 735; 1933, 10, 27) show 
on the one hand that the prevailent conception of the relation between 
the stability of a colloid and a critical coagulating potential, or, 
of the factors affecting the cataphoretic speed are unsatisfactory, 
and on the other hand that the variations in the cataphoretic speed 
with dilution of the sol, addition of electrolytes and non-electrolytes 
are of a very complicated nature. These measurements have helped 
us to some extent to understaud the peculiarities of the factors 
affecting the cataphoretic speeds, such as the adsorption of ions, 
the distribution of the ions in the double layer and the state of 
aggregation. Thus Mukherjee, Roychoudhury and Biswas (J. Indian 
Chem. Soc., 1981, 8, 381) have shown that various types of curves 
are obtained in the dilution of ferric hydroxide sol (cf. also S. N. 
Mukherjee, Kollid Z., 1930, 52, 63). With arsenious sulphide sol 
also, the speed-dilution curve depends on the specific nature of 
the sol. Working with ferric hydroxide so! and potassium chloride 
solutions, the above authors have found a considerable drop in the 
cataphoretic speed after coagulation of the sol with progress of 
time. Also it has been shown (Part V) that the order of decrease 
of the cataphoretic speed of arsenious sulphide sol by NaCl, KCl and 
LiC] is Li?> Na®> K*, which is contrary to previous observa- 
tions as also to the order of coagulating concentrations of these — 


electrolytes. 








————E 


: 
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In view of the multifarious types of results obtained which showed 
that the variation of the cataphoretic speed depended on the specific 
nature of the colloid, it was thought desirable to carry out our further 
experiments. The present paper deals with the cataphoretic speeds 
of (1) arsenious sulphide, silicic acid and aluminium hydroxide sols 
with the dilution of the sol; (2) aluminium hydroxide sol mixed 
with potassium chloride and potassium sulphate solutions; (3) ferric 
hydroxide sol mixed with potassium chloride, potassium sulphate, 
sodium‘chloride and lithium chloride solutions. 


EXPERIMENTAL. 
Preparation of Sols. 


(1) Arsenious sulphide sol—The method of preparation of the 
sol was as described previously (Part II, loc. cit., p. 497). 

Ferric hydroxide sol.—The method of preparation was as des- 
cribed in Part IV, p. 736. The sol was dialysed against repeated 
changes of hot distilled water until the dialysate was nearly free 
from chloride (a period of about a month). 

(8) Silicic acid sol (samples A, B,, By and C).—210 C.c. of 
Kahlbaum’s concentrated hydrochloric acid (pro analyse) was diluted 
with 700 c.c. of conductivity water. In it, 525 c.c. of sodium silicate 
solution of 1°16 sp. gr. was added in a thin stream with continuous 
stirring. Then the sol was allowed to dialyse in a parchment bag 
against repeated changes of cold distilled water until a slight opales- 
cence was obtained (a period of 6 days). ‘the sol was kept stocked 
in the atmosphere of hydrogen (A). 

Another sample was prepared in the same way as sol A but 1°7 
times more dilute. A portion was taken out after dialysis for 10 
days (B,) and another portion after dialysis for one week more (Bg). 
Sample C was prepared in the same way as sample A, but dialysed 
in a current of running distilled water for 2 days. This sample was 
very unstable, setting rapidly to a gel in a few days. 

(4) Aluminium hydrozide sol (sample A).—The aluminium hydro- 
xide sol was prepared by adding slightly less than the equivalent 
amount of ammonium hydroxide solution (N/10) slowly and with 
vigorous stirring to a solution of aluminium chloride (N/10). The 
resulting sol was purified by dialysis in a parchment bag against 
repeated changes of distilled water, until a turbid sol was obtained. 
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Procedure. 


Cataphoretic speeds at 854 °05° were measured by using two 
separate U-tubes having effective distance of 4°01 cm. and of 2°89 cm. 
respectively. The former waa used for work with arsenious sulphide, 
ferric hydroxide (A), silicic acid and partly with aluminium hydro- 
xide sols, while the latter tube was used for all other measurements. 
The difference in viscosity being small, the speed has not been correc- 
ted for its variations. Some of the measurements were carried out 
in duplicate to find the reproducibility of the results. 

During the measurements considerable difficulties were experien- 
ced in many cases. The difficulties have been described in a separate 
paper. The present paper records only reliable and reproducible 
data. 


Variation of Cataphoretic Speeds with Dilution of Sols. 


Measurements with arsenious sulphide sol.—In conformity with 
previous measurements, an equiconducting solution of hydrochloric 
acid was used asupper liquid. The colour contrast for reading 
the position of the boundary and produced by a deep blue glass 
filter, in previous measurements with this sol, was found to be 
insufficient. A layer uf dilute permanganate solution contained in a 
rectangular absorption vessel and interposed in the path of the light 
was found quite satisfactory. The sol appeared purple while the 
colourless upper liquid appeared violet. With the diluted sols another 
difficulty was met with. The potential gradient was repeatedly 
observed to be very high when the circuit of the potentiometer 
was first closed and gradually dwindled down to a minimum limiting 
value in an hour or more. With the sol diluted 1 to 20 a constant 
potential gradient was not even approximately attained. Moreover, 
at this dilution the upward speed was very small in comparison with 
the downward one. The more diluted sols showed a tendency to 
settle. The results are given in Table I and Fig. 1, curve J. 


Taste l. (Fig. 1, curve 1), 


Sp. conductivity of the undiluted arsenious sulphide sol 
=2°05 x 10-°. 
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Pu of the supernatant liquid of the undiluted sol after coagulating 
it with KC1=6°16. 





Dilution with Direct Rate of Reverse Rate of Mean rate 
equal vol. of Pot. gradient migration Pot. gradient migration of migra- 
water, *105, x 105, tion = 105, 

te | 
Before. After. Before. After. 
Undiluted sol 0°542 0°552 59°6 0°534 0°520 619 60°7 
0°580 0°558 58°5 9°540 0°546 62°5 
1:1 0°593 0°691 66°3 0°616 0°610 6L°0 65°5 
0°556 0°553 €8°8 0°570 =: 0°578 66°0 
1 35 0°634 0°619 55°3 5°624 0°624 53°8 53°1 
0°696 0°625 §2°0 0°637 0°640 59°4 
"1:10 0°652 0°652 67°8 0°704 0689 63°3 67:0 
0°600 0°600 68°4 0°653 0°652 69°0 


Measurements on the effect of the dilution on the eataphoretic 
speed of arsenious sulphide sol (Mukherjee, Proc. Roy. Soc., 1928, 
A 108, 102 ; also Parts IJ and III) are given in Fig. 1, curves 2, 
3 and 4. 
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One finds that the variation of the cataphoretic speed with dilu- 
tion depends on the sample of sol worked with. Curve 2 shows that 
the speed is not materially affected by the dilution. Curves 8 and 4 
show a@ continuous decrease at all dilutions and curve 1 is rather 
peculiar having a S-shape. These peculiarities in behaviour cannot 
be reconciled with the theoretical point of view which regards colloi- 
dal arsenious sulphide to behave as an electrolyte, viz., a weak acid. 
There is no parallelism between the variation of the mobility of an 
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anion of an acid with the dilution of the acid and that of the cata- 
phoretic speed of the colloidal particles of the arsenious sulphide 
sols. Aceording to this point of view the mobility should continu- 
ously increase with the dilution. Apparently the valencies and the 
numbers per unit surface of the primariiy adsorbed ions, which 
together determine the surface density of the electric charge and the 
distribution of the ions in the double layer determine the cataphore- 
tic speed. The adsorption of ions as opposed to surface dissociation 
offers the only rational theoretical basis for an elucidation of these 
variations. 

Measurements with silicic acid sols,—This sol as prepared here tends 
to set as a gel (occasionally in the dialyser itself) and in most cases 
can hardly be stocked for more than one or two weeks. A solution 
of hydrochloric acid of equal py as the sol and made equiconducting 
with the sol by the addition of a few drops of a concentrated solution 
| of Na,SiO,;, has been used as the upper liquid. Equiconducting 
HC! solution has also been tried with no better advantage than the 
above mixture. It is also desirable to use a mixture of HCl and 
Na,8iO, which is both equiconducting and has the same p, as the 
sol. A peculiarity observed with this sol is that sometimes a certain 
length near about the boundary or the whole of the sol sets to a gel in 
the tube. The gel formation is hastened on passage of current 
through the sol. The boundary of the gel moves without any appa- 
rent separation of the gel near the boundary from its main body. The 
cataphoretic speed of this sol varies greatly from sol to sol and is 
smaller than that of the usual suspensoid sols. 


TaBueE II. 
Silicic acid sols. 
Upward movement. Mean 
of 
Sol. Upper liquid. pH Pot. Rate of Pot, Rate of rate of 
gradient migra- gradient migra- migra- 
tion tion tion 
——— ee | X108, —— 3x 1, x 18, 
Before. After. Before. After. 


A* HCl -of equal 


pa & NagSiOs 19 O714 O612 126 0°496 O°557 1794 15°37 
B,* HCl 2°55 0°553 O'508 Very 0°553_.. Ve Very 
small small small 


B,/2** HCl & NaCl = «2°83:103«113)« 8113-108) 81K 
o < #17 161 1°59 1347 148 141 17°36 15°41 
cee 34 #145 1438) 77) «146 14 45 GL 





* Effective distance of the U-tube used was 4°01 cm. 
** Effective distance of the U-tube used was 2°89 cm. 
*** The sol sets to a jelly. 
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It has been reported in a paper recently communicated to this 
Journal that a mixture of HU! of the same px as the sol and Na,Si0, 
serves as a suitable upper liquid for silicic acid sol. But Table III 
shows that for sol A, a mixture of HCl and Na,SiO, does not give a 
constant potential gradient and moreover, a considerable rate of set- 
tling of the sol is observed. In the later part of our work we found 
that a mixture of NaC] and HC! as upper liquid gives @ more satis- 
tactory potential gradient. Sol A had already become very thick and 
showed signs of gel formation and it was not possible to take measure- 
ments using the above mixture as upper liquid. It is, however, in- 
teresting that both the upward and downward cataphoretic speeds 
increase on dilution of the sol. The measurements of cataphoretic 
speeds in Table III, therefore, although not satisfactory, enable us 
however to draw qualitative conclusions. 


Taste III. (Fig. 2, curve 5). 
Silicic acid sol (A) 


pane ' 3 7 Rate of - Rate of Mean ¢ 
wit ua. lat ‘ot. migra- ‘ot. migra- rate o 
wil conducti- Pu. gradient tion gradient tion migra- 
water. — x 105. x 105. tion 
——_—=—=—>>>—> + - ete ccm, 7 105. 
Before. After. Before. After. 


Conc.  0°005709 19 O'714 0612 126)... tee oes oe 

sol 0612 0°547 5°75 0496 0557 17°94 15°27 
0°547 0°482 4°23 0°657 0°635 19°34 ove 

1:1 (00288 23 O0°687 0613 16°24 0°605 0°568 20°84 18°54 
0°694 0605 17°11 0°612 0°576 18°69 12°90 


1:5 0°001047 24 0678 0648 21°79 0°6983 0°553 7865 50°22 
0°670 0663 21°72 0670 0°574 77°87 49°49 


1:16 0°'000884 «6.3°0) = «O°5B9«-«O'5BS «= 2] —SCOBRKS = 0529S: 96°99 59°54 
0°647 0°681 22°59 0°691 0°559 90°69 56°64 


11° 0708 0708 3°95. ™ ” - 
0°702 6°674 «4°08 «0646 O'STL. 1006s 7°05 
The potential gradient varies as much a8 15%. This indicates ionic 
migrations and possibly interactions at the boundary which change 
the concentration of the electric carriers and the specific conduc- 
tivities. The cataphoretic speeds gradually increase with the dilution. 


* A HCl solution of the same px as the silicic acid sol was made equiconducting 
as the sol by the addition of NaC! solution, The sol, however, had become very thick 
and showed signs of gel formation. 
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The H° ion and Cl’ ion concentrations of these sols were measured 
by Mr. B. R. Majumdar and decrease with the dilution. As however 
the ideal conditions in the measurement of cataphoretic speeds could 
not be attained, it is not profitable at this stage to try to correlate the 
variation of the cataphoretic speed with the observed variations of 
absorbed H* and Cl! ions on the surface of colloidal particles of 
silicic acid sol. 


Aluminium Hydrozide Sol (Sample A) mized with Electrolytes. 


A slow rate of filling the tube is necessary in order to secure a 
sharp boundary. The opalescence of these sols is very weak and in 
order to ensure that the boundary can be seen to rise at the desirable 
rate the cathetometer was focussed on the upper meniscus of the 
upper liquid and the stop-cock was gradually opened until a slow 
motion of the meniscus was perceived in the cathetometer. With 
practice a sharp boundary can be obtained. 

Attempts to measure the cataphoretic speeds of Al(OH), sols 
(K and L) were unsuccessful. These sols had low specific conducti- 
vities (about 3x 10-5) and the p, values were about 7°0. With 
one sample (L) it was possible to produce a definite boundary but 
as soon as the current was switched on, the sol rose upwards in 
streaks. Sometimes a more or less ill-defined boundary was formed 
which broke up again during the migration. 


TaBie IV (Fig, 8, curves 6 & 7). 
Aluminium hydrowide sol (A). 


Dilution Rate Rate Mean 
with Cond of mi- of mi- rate 
equal Sp. vondac- Pot. gradient gration Pot. gradient gration of mi- 
q & 

vol of tivity. = Po 105, ———--—. «105. gration 
water. Before. After. Before. After. x 10. 
Cone. 0°0009249 0°5381 0°581 49°25 0°661 0°561 46°5 47°38 


0°592 O57 44°56 0607 (0°607 50° — 
1:1 0°00033827 4°05 0°661 0°553 50°87  0°575 0600 516 50°98 
1 :5* 0°000293 0°627 0°630 41°32  0°620 0627 62°95 52°1 
1:10 0°0001175 0°617 0°612 52°67 0°627 0°634 52°9 52°78 


* At this dilution the boundary showed an initial erratic movement for a com- 
paratively long time. In order to avoid this error, all the readings have been taken 
after the current has been allowed to flow for 10 minutes and then without switching 


off the current. 


8 
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Fig. 3, curves 6 and 7 represent respectively the specific conducti- 
vities and the cataphoretic speeds against the dilution and curve 8 in 
the same figure represents the veriation of the cataphoretic speed of 
another aluminium hydroxide sol (cf. Mukherjee, J. Phys. Chem., 
1982, 86, 688). 
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With sol A, the specific conductivities decrease while the catapho- 
retic speed increases with the dilution. For curve 8 there is an 
.initial increase (at dilution 1:1) and then tends to decrease 
somewhat. 

The cataphoretic speeds of aluminium hydroxide sols with in- 


creasing concentrations of potassium chloride and sulphate are given 
im Tables V and VI. 


Taste V (Fig. 4, curve 9). 
Al(OH), sol (A) and KCI. 








Upward movement. Downward movement. 

Conc. of Pot. gradient Rate of Pot. gradient Rate of Mean rate 
electro- ~ migra- ——~—_——__ migra- of migra- 
lytein Before. After. tion Before. After. tion tion x 105. 
normality x 105, x 105, 

0 1311 1°311 52°07 1°33 1°37 53°09 

oot 0°561 0°553 50 87 0°675 §=0°600 =8§1°06 51°77 
0°001* 0°590 0°534 55°35 0°576 §=690°620 §=655°6u** 55°48 
0°o1* 0°635 0°618 41°93 0°642 0°627 42°98°* 42°46 
0°05 1°356 1°887 41°18 1407 (1356 —** 41°18 
0°10 4311 1°338 40°3 1°33 1°307 49°32¢** 40°3 


*A different cataphoretic tube was used for the measurements. 

**®Within a few minutes of the downward movement, the boundary separated into 
two layers, a thin above a thick one. On reversing the movement, the two boundaries 
coalesced and this phenomenon could be again repeated a numberof times. The 
readings were always taken on the upper layer. 

***Flocculated during the latter part of the movement, sothe value is possibly 
affected by the gravitational fall of the bigger particles, 


TaBLe VI (Fig. 4, curves 10 and 11). 
Al (OH), sol (A) and K,80,. 





Upward movement. Downward movement. 

Conc. of Pot. gradient Rate of Pot. gradient Rate of Mean rate 
electro- ~-_-__~ migra- —_--~- migra- of migra- 
lyte in Before. After. tion Before. After. tion tion 
norms- « 105. x 105. x 105, 
lity. : 
0 Vide TaBLE VI . §1°77 
0°0005 =6_:«0"'0617_— «0682 36°03 = U'617-—s«O"B8B «44°26 40°15 
0°001 1°344 27°49 27°49 = «1°413 14138 = 41°68 33°88 

1°414—s:1°475 28°00 1516 §=1°465 = 3884 


0°000125 1°354 1°375 29°5 1°435 1°445 28°93 29°22 
1°375 = «1°45 37 87 
0°00166 1.344 1°354 19°73 1°364 1°364 32°58* 26°18 


*Flocculates. There is a noticeable difference between upward and downward 


cataphoretic speeds. 
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For 0°001N-potassium chloride the speed shows an increase but 
decreases at higher concentrations up to 0°1N (coagulating region, 
curve 9). With K,S8O,, however, there is acontinuous decrease’ 
Fig. 4, curve 11 represents curve 10 on a magnified scale. As is to be 
expected the decrease of the speed is much greater with K,8O, than 
with KCl. The cataphoretic speeds at the coagulating region differ 
considerably for the two electrolytes and show that the assumption 
of a critical coagulation potential is not justifiable. 


Ferric Hydroxide Sol mixed with Electrolytic Solutions. 


This sol is very sensitive towards electrolytes. The tube after 
the usual cleaning with hot chromic acid solution can only be used 
after it has been kept fiilled with conductivity water for a few hours. 
The liquid used in calomel vessels for measuring the potential 
gradient at the boundary. As a result the movement of the 
boundary gradually slows down sometimes accompanied by slight 
haziness at’ the boundary. This can be avoided by proper care. 
The results are given in Tables VII, IX, and X, Fig. V. 


TaBLe VII (Fig. 5, curve 12). 
Fe(OH), sol and KCl. 


Upward movement. Downward movement. 


Potential gradient Potential gradient 
Conc. of —_—-———.__ Rate of ——-~-——-— Rateof Mean rate 
electro- Before. After. migra- Before. After. migra- of migra- 
lyte in tion tion tion 
normality. x 105. x 105. x 10, 
0°00 1°746 1°867 59°23 1°746 1°603 82°94 71°08 
0°001* 1°391 1°452 82°84 1°451 1°411 45°74 39°29 
0°002* 1°3€4 1401 8 ©31°34 1°43] 1411 =. 48°39 87°36 
O'01t 1°36 1°401 10°86 1401 1°42] _ 10°86( ?) 


* A sudden drop in the potential gradient on the addition of the electralyte is 
observed. This has been dealt with in a separate paper. 
+ Complete flocculation took place. 
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TaBLe VIII (Fig. 6, curve 13). 
Fe(OH), sol and NaCl. 





Upward movement. Downward movement. 
Potential gradient Potential gradient 
Cone of - -— Rate of —--- Rate of Mean rate 
electro- Before. After. migra- Before. After. migra- of —_- 
lyte im tion tion 
normality. x 10. x 105. . «18, 
0 1°746 1867 59°23 1°746 1°603 82°94 71°08 
00011 1°409 1°409 35°48 1°413 1°368 55°16 42°68 
0°98 1°01 33°56 0°966 “966 46°80 

0°0025 1°409 1°429 36°31 1°389 1°452 43°61 40°16 
0°0056 1425 «91429 = 2452 1°378 =: 11338 38 06 31°29 
0°00667 1°419 1°413 24°72 1°051 “6534 — 24°72 


Tasie IX (Fig. 5, curve 14). 
Fe(OH), so8 and LiCl. 


Upward movement. Downward movement. 


Potential gradient Potential id quien 
Cenc. of Rate of Rate of Mean rate 
electro- Before. After. migra- Betore. After After. migra of migra- 








lyte in tion x 105. tion x 105. tion x 108, 
normality. 
0 1°746 1°867 59°23 1°746 1°603 82 94 71°09 
0°001* 1006 1°3t7 34°88 1-416 1374 57°33 47°66 
1°386 1°416 36°88 1°872 1336 61°55 — 
0°002+ 1°374 1°403 28°81 1°374 342 60°15 44°48 
0°0082 2°355 1368 8 =6—.2458 1311 1°295 55°0 39°79 


* A sudden drop in the potential gradient on the addition of electrolyte is 
observed. This has been deslt with in a separate paper. 
+ Complete flocculation took place. 
t The sol became hazy and coagulated partialdy withio a few minutes. 
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Taste X (Fig. 5, curves 15 and 16). 
Fe(OH); sol and K,80,. 


Upward movement. _ Downward movement. 


Potential gradient Potential gradient 
Cone. of ————___ Rateof ———~———  Rateof Mean rate 
electro- Before, ‘ After.  migra- Before. After.  migta- ~ of migrs- 


lyte in tion tion - tion 
normality. «x 105. x 108, x 105 
0.-- 1°746-. 1°867 59°28 1°746 1°60 82°94 71°08 


o 


"000088"  1°389 1419... 21°37 1419 =: 1°41 4005 30°71 
“00005 + 1°961 1491. 16°79 1°12. 1°451. 16°83 

1°491 1°491 16°77 1°461 1°501 19°57 17°54 
"000058+  1°355 L sestd ) 13°38 1396 1°355 14°48 13°98 


Fig. 5, curve 15 neo been shown in curve 16 on a magnified scale 
in the same figure. In all cases, the cataphoretic speed of tite sol 
continually decreases with the concentrations of the electrolyte. 
Unlike the case of aluminium hydroxide sol, no initial increment 
of the cataphoretic speed of the sol at very low concentrations of 
potassium chloride has been observed in this case. The above data 
also show that a critical coagulation potential does not exist. 


SoMMARY. 


1. The speed-dilution curve of arsenious sulphide sol ‘is ,8- 
shaped in form. ‘This peculiar behaviour cannot be reconciled with: 
the theoretical point of view which regards colloidal arsenious 
sulphide to behave as an electrolyte, viz, as a weak acid. 

2. The cataphoretic speeds of silicic acid sols vary greatly from 
sol to sol and is smaller than that of the usual suspensoid sols. 
Sometimes a certain length near about the boundary or the whole 
of the silicic -acid sol sets to a gel in the tube. The gel formation 
is hastened on passage of current through the sol. 

The cataphoretic speeds of siiicic acid sol (A) increase on dilution 
of the sol. 


* A sudden drop in the potential gradienton the addition of electrolytes is 
observed. This has been dealt with fully in a separate paper. 
+ Partial coagulation took place. 
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8. The cataphoretic speeds of aluminium hydroxide sol (A) 
increases on the dilution of the sol. The specific conductivity of 
the sol, however, decreases with dilution. 

4, With sample (A) of aluminium hydroxide sol, the cataphoretic 
speed increases at 0°001N-KCI but decreases at higher concentrations 
up to 0°1N (Coagulation region). With K,S0, however there is a 
continuous decrease. The cataphoretic speeds at the coagulation 
region differ considerably for the two electrolytes and show that the 
assumption of a critical coagulation potential is not justifiable. 

5. Measurement of cataphoretic speeds of ferric hydroxide sol 
in contact with KCl, K,80,, NaCl continually decrease with increas- 
ing concentrations of the above electrolytes. These observations 
also show that a critical coagulation potential does not exist. 


PuysicaL CHEMISTRY LapoRATORY, 
University CoLLecs or SciENcE, Received September 15, 19338. 
CatcurTa. 





Potentiometric Study of the Quinhydrone Electrode 
in the Estimation of Nickel. 


By B. K. Cuatrersgea anv J. B. Jua. 


Moore (Chem. News, 1895, 72, 92) devised a method for the volu- 
metric estimation of nickel salts in solution. The reaction on which 
the method depended was 


NiClp+4KCN = K,Ni (CN),+2KCl _... ~~ 


To a measured volume of an ammoniacal nickel solution was added 
en excess of potassium cyanide. The excess of the cyanide was then 


titrated with silver nitrate solution using potassium iodide as an 


indicator. On the basis of the method Miiller and Lauterbach (Z. 


anal. Chem., 1922, 61, 457) carried on a potentiometric titration. 
A potential jump against silver electrode was observed as soon as all 


the nickel was transformed into the complex ion Ni(CN),. The 
method did not yield correct results owing to the potential jump being 
very small at the end-point. An absolute method of the determina- 
tion of the end-point was then investigated by Miller and Schlut- 
tig (Z. anorg. Chem., 1924, 184, 827) by titrating directly with stand- 
ard potassium cyanide solution. A potential break was found at a 
point corresponding to the complex ion formation, Ni(CN),. Owing 
to the slow transformation of the precipitated nickel cyanide Ni(CN), 
into potassium nickelocyanide, K,Ni (CN), there is a great chance 
of under-titration and the results yielded an error of about 7%. 
Afterwards they titrated nickel solutions by opposing an inflectional 
potential of —°253 volts to that of the cell against normal calomel 
electrode. An effective stirring and rapid titration was essential in 
the process of titration. 

From the above it is evident that the slow transformation of the 
precipitated nickel cyanide into the complex salt introduces compli- 
cations and even in the absolute method of Miiller and Schluttig 
(loc. cit.) there is a great chance of over titration giving rise to the 
positive error. The aim of the following experiments is to locate the 
end-point correctly at a point when the nickel is completely 
precipitated as Ni(CN), and the complex salt just begins to form. 


9 
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The reaction (1) may be represented as (i) the formation of 
nickel cyanide which being insoluble is precipitated as 

Ni(A), +2KCN=Ni(CN),+2KA where A represents an univalent 
anion; 

(ii) the formation of the complex salt K,Ni (CN), as 

Ni(CN), +2KCN=K,Ni (CN),. 

If the end-point can be detected at the completion of the reaction 
(1), the error due to the slow transformation of Ni(CN), to Ni(CN), 
will be easily eliminated. The applicability of the quinbydrone 
electrode will be clear from the following theoretical considerations. 

All salts of weak bases and strong acids give an acid reaction. 
The hydrogen ior. concentrations of their solutions is given by, 

Pu =7~4 p,—4 log C 
where, C=concentration of the sslt, and p,=-—logK, and 


K, = (BY) x(OH™) 
‘ (BOH) ~ 

The hydrogen ion concentration of nickel salts of mineral acids 
falls under this class and therefore at the completion of the Ni (CN)» 
formation, the hydrogen ion concentration will be nearly, but not 
equal to nor greater than, 10-7. (In this consideration, the effect of 
substances formed during titrat‘on has been neglected, although a 
further consideration will reveal that the effect is not negligible.) 
When a slight excess of potassium cyanide is added, the complex 
salt K,Ni (CN), is formed and the pg value is given by, 

Pa =7+4p, +3 log@. 

Neglecting C which is very small at the end-point, the change in 
hydrogen ion concentration is from, 7—4 p, to7+4 p,. The actual 
change in e.m.f. due to corresponding changes in hydrogen ion con- 
centration will therefore depend upon the values of K, and K, as well 
as on the relative strength of the solutions.* 

The abrupt change in ¢.m.f. was seen by a preliminary series of 
titrations at the point where Ni (CN)» was completely precipitated. 


EXPERIMENTAL. 


The apvaratus.—The apparatus used was of a very simple nature. 
An accumulator with @ variable resistance in series was used along 


* Depending upon the variation in hydrogen ion concentration, Rupp and 
Pfenning (Chem. Ztg., 1910, 34, 322-323) titrated a neutral solution of nickel with 
KON till the point corresponding to the complex ion formation. They used 
phenolphthalein as an indicator (pH 9°3). 
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with the ordinary wire bridge potentiometer (made and calibrated by 
W. G. Pye & Co., Cambridge). The variable resistance was adjusted 
till a voltmeter placed across the terminals of the potentiometer 
read exactly one volt. As only changes in e.m.f. were to be observed 
no standard cell was used, although care was taken to see that the 
current of the secondary cell was constant during the time of the ex- 
periment. 

Standardisation of potassium cyanide solution.—Potassium cyanide 
solutions were prepared by dissolving an approximately weighed 
amount of the salt in a particular volume of distilled water. The 
solutions were standardised by nickel solutions containing a known 
amount of nickel in it. The standardisation was necessary in the 
case of KCN solutions because even the purest sample of KC! avail- 
able contained sodium salts and moisture. 

Estimation of nickel in nickel solutions.—Nickel was estimated 
by electro-analysis in the solutions meant by standardisation as well 
as those for titrations in order to determine the percentage of error 
in each titration. Sand’s platinum wire gauze electrodes with 
rotating cathodes were used. A current of 2 amperes reduced to 
14 amperes towards the end of the analysis was found sufficient to 
precipitate 0°2 g. of nickel in 30-35 minutes. 

Nickel nitrate (which was used for all the titrations) was first 
converted to nickel sulphate and then made strongly ammoniacal 
before starting the analysis. In order to prevent the precipitation of 
nickel in the form of oxide on the cathodes, 2 c. c. of strong ammonia 
solution was added twice during analysis. The mean of three nearly 
concurrent readings was taken to represent the actual nickel content. 
The accuracy of the method and experiments can be judged from 
the following actual determinations. 


Solution I. Solution IT. 
lst determination. Quantity of Ni per25c.c.of soln.  0°1166 g. 071444 g. 
si do 0°1167 0°1446 
si do 01150 0°1441 


Mean 0°1161 0°1443 


For the purpose of the following titrations pure nickel nitrate 
(B. D. H., Analytical Reagent) free from cobalt and iron was 
used. It was intended to study the effect of impurities at a 
later stage, once the accuracy of the method has been established, 
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From theoretical considerations it is easy to see that nickel sulphate 
and nickel chloride would behave in a way similar to nickel nitrate. 
Some of the results of titrations are as follows. 


Solution No. I. Volume of nickel nitrate taken =25 c.c. 


Volume of KCN e.m.f. observed dE Volume of KCN’ e.m.f. observed 
solution added. against 0°"1N- ——. solution added. against 0°1 N- 
calomel elec- dc calomel elec- 

trode. trode. 
0.0 c.c. +0°1294 volts. —0°0924 volts 

15°0 —0°0489 . —0°1017 

18°0 —0 0676 , —0°1101 

19°0 —0°0795 . —0°1174 

0°2 —0 0823 190 . —0°1245 

04 — 0°0866 290 


47 maximum at 19°7 c.c.of KCN. 


1 c.c. of KCN solution=0°01738 g. of nickel.* 
19°7 c.c. of KCN =25 c.c. of nickel nitrate solution. 


Results. 
Amoont of nickel in 25 ¢.c. of solution found by electroanalysis 
do. by titration 
Error os OF 
The results of the above and four other experiments are summar- 
ised below for comparison. 


Quantity of Ni in 25c.c. of Ni golution as found by Errors. 
electro-analysis. titration 


03432 g. 0°3439 g. -0'1 % 


0°8055 0°3066 +0°3 
0°1451 0°1441 —0°6 
0°1792 0°1791 
0°0900 0°08952 


* As found by standardisation by a previous titration 
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Titration of nickel nitrate solution with caustic soda. 
(Use of Quinhydrone electrode). 
Volume of nickel nitrate taken = 25 c.c. 


Vol. of NaOH ~~ e.m.f. observed aE Vol of NaOH e.m.f. observed 
soln. added. against O"1N- —— « soln. added. against (°1N- 
calomel electrode 4? calomel electrode 
+1°013. +1°033. 


+0°0944 volts 210 c.c —0°1058 volts 
— (0278 22°0 —0°1525 
—0°0465 23°0 — (0°2296 
—0°0605 24°0 —0°2924 
—0°0920 25°0 —0°3338 
dE 
dC 
NaOH soln. =0°98N. 


maximum at 21°7 c.c. of NaOH solution Strength of 


Results.—Nickel precipitated at end-point is 80%. Hence a 
basic complex is formed having the probable composition, 
{Ni(OH)o}4Ni(NO3)9. 


In all the above tables only the final titrations are given. Each 
titration has been repeated several times to test the concurrency 
of the method. 


From the results, i.c., the nature of titration and maxima it is 
evident that the titration is similar to that of a weak acid with 
strong alkali and the end-point lies between py 7 and py 8. 


The above principle was also applied in the titration of nicke) 
salts with caustic soda but the sudden rise in p, beyond 8, when 
about 80% of the nickel has been precipitated as hydroxide, prevented 
us from following it further. The sudden change in the direction 
of the curve points to the formation of some basic compound with 
nickel nitrate. This was also observed by Britton with nickel 
chloride (Britton, J. Chem. Soc., 1925, p. 2110). Our results point, 
however, to the formation of the complex salts, {Ni(OH),},Ni(NO;)o. 
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Concuusion. 


The results of the potentiometric titration (using a quinhydrone 
electrode) of pure nickel salt (nickel nitrate) with KCN point toa 
sudden change in e.m.f. at a point corresponding to the formation 
of Ni(CN),. This change is characteristic of weak acids and can 
be utilised to titrate nickel successfully. The end-point lies between 
Px 7 and p, 8, which is the case in the titration of weak acids 
against strong alkalis. It is not possible to titrate nickel by caustic 
soda because a basic compound is precipitated when about 80% of 
the nickel has bsen precipitated as hydroxide. 

This method of estimating nickel has the following advantages: 
In the first place, it does not require any absolute measurements. 
Only changes in ¢.m.f. during titration need be noted. In the 
second place, it has the advantage of the titration being finished 
quickly. The apparatus is also simple and does not require any 
special care. In fairly concentrated solutions i.c., in solutions con- 
taining 0°34 to 0°17 g. of Ni in 25c.c. of the solution, there is 
no chance of missing the end-point and the errors are well within 
experimental magnitudes. 

The following are the best conditions under which the above 
method yields good results. 

1. The concentration of the nickel solution should be moderate 
(0°34 to 0°09 g./25¢.c.) As the solution becomes more and more 
dilute it takes a longer time for the potential to be attained and 
hence a longer time to finish the titration. Also the changes in 
e.m.f. per unit volume of titer added are small and hence a sharp 
maximum of (dE/dC) is not obtained. 

2. Stirring. No stirring device is necessary. As soon as the 
titer is added into the beaker, it is sufficiently shaken to ensure 
thorough mixing and then allowed to rest. When the solution is 
perfectly still, the e.m.f, is measured as usual. 

3. The Electrodes. For quinhydrone electrode moderately thin 
platinum wires fused in pyrex glass tubes should be used. The 
platinum wire should not be bent during titration, for a change in 
the surface strains causes a change in the observed ¢.m.f. When 
thick wires are used for this purpose the electrodes should be 
frequently examined to see that no crack exists at the joint and a 
cracked electrode should be rejected. 
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The calomel elctrode should end in a ylass capillary. 


4. The galvanometer. The galvanometer used should be very 
sensitive and should give a marked deflection for even very feeble 
currents, and the lamp and scale method of noting the deflections 
should be adopted. In the above experiments the author used an 
Ayrton Mathew galvanometer (Cambridge Instrument Co. Ltd.) and 
it was quite sensitive. It gave a deflection of 475 mm. for 1 micro- 
ampere when the scale was at a distance of one meter from the gal- 
vanometer. 


5. The accumulator which supplies current to the potentiometer 
wire should give a perfectly constant current, i.e,, the e.m.f. 
should not change during the process of titration. Even a very 
small change is likely to cause serious error in the observed e.m.f. 
In the above experiments, a hundred (100) amp. hour oxide 
battery was used when the e.m.f. between the two ends was 2°0 
volts, for the e.m.f. is not steady when above this voltage. 

6. A thorough insulation of all the connecting wires is absolutely 
essential. The above experiments were performed by using a high 
quality flexible chords (Rubber and Silk insulated). 


CuemicaL LABORATORY, 
Aara COLLEGE, AGRA. Received August 14, 1933. 
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